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City of West Covina
Development Services
1444 West Gorvey Avenue
West Covina, California 91790

ATTN: Mr. Michael L. Miller
Director, Development Services

RE: BKK LANDFILL ODOR STUDY
FINAL REPORT

Dear Mr. Miller:

We are pleased to submit herewith the Final Report on the BKK Landfill Odor
Study. This report represents the consolidation of the First and Second Interim
Reports. In addition, the results of the evaluation of the odor reduction due to
additional gas recovery wells and the summarization of the extensive
micrometeorological data base have been incorporated in this report. In short, this
Final Report represents a complete document on the results of the entire December
- January odor study. It serves not only to meet the City Council directive of a
scientific measurement of the BKK Landfill site odor emissions but also provides a
basis 'for effective future odor control planning for the BKK Landfill. Many
Iandmark findings regarding sources of and alternatives for control of landfill odors
have been made in the course of the study arid have been fully documented in this
report.

The primary objective of the BKK Landfill Odor Study was to determine using
scientifically valid measurement procedures if improvements in landfill odor confrol
occuned during the course of the study. Specifically, the following measurements
were to be mode:

I. Measurement of reduction in odor emissions due to control or
elimination of acid dump wells.

2. DeterminatIon of odor reduction resulting from gas recovery system
installation and operation.

In addition to these determinations, evaluation of two large area odor control
measues were also to be made:

I. Barriers

2. Water aerosol

WATER CONSERVATION AND WASTEWATER RECLAMATION
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Based on the' results of the on-site measurements of odor emissions and the
effectiveness, of the odor control measures an assessment of odor risk was to be
made to determine an effective odor control plan for the BKK Landfill. Odor risk is
defined as the number of days annually in which the downwind odor concentration
exceeds a specified level. An acceptable level of odor risk, mutually agreed upon by
the public surrounding a facility and its management, is typically I to 5 distraction
threshold odor concentration (5 ou/cf) events annually.

As discussed in this report all study objectives were met except that concerned with
elimination of the acid dump wells. The use of these wells was discontinued prior to
the initiation of the study and it was not possible to directly measure 'the consequent
odor reduction. BKK Corporation instituted other operational controls prior to the
study start-up which may have resulted in additional odor reduction, These
operational controls were:

I. Filling, grooming and maintenance of landfill slopes to close surface
cracks and fissures.

2. Rejection of odorous substances.

It is recommended that these operational controls be continued.

- ' The gas recovery system was found to be an efficient means of odor control, when
properly designed, installed, and operated. Raw landfill gas' odor concentrations
ranged from, 100,000 to 500,000 ou/cf. Combusted gas odor concentrations ranged
from 75 to ISO ou/cf for a 99.9% reduction in odor concentration. Migrating landfill
gas disbharged at the landfill surface at odor concentrations measured as high as
10,000 cu/cf. When a new gas recovery system was put into operation in the last

- week of the study, the highest surface odor' concentrations in its vicinity were
reduced 90-98% with a few exceptions.

To achjeve its full odor control potential, gas recovery must be carefully designed,
installed and operated to achieve: '

'

Maximum recovery of migrating gas in the recovery area.

a. The recovery wells and collection lines, operating under
partial vacuum, must be properly designed to achieve uniform
withdrawal throughout the area. ,

'

b. Lines and wells must be properly sealed to prevent access of
extraneous air into the system.

c. Withdrawal rates must equal or exceed landfill gas production
rates for the recovery area. '
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2. Fail/Safe Prevention of Raw Landfill Gas Releases.

On several occasions throughout the study gas recovery collection
lines were broken with consequent release of raw landfill gas. On
one such occasion odor concentrations in excess of 50 au/cf were
measured in downslope residential areas. Such high odor
concentrations cause extreme psychological stress.

To achieve these objectives it is recommended that current plans for gas recovery
at the BKK Landfill be fully implemented with follow-up surface odor emission
monitoring to insure that maximum recovery of migrating gas in the recovery area
is achieved.

Relative to the odor emission rates measured during December (Median: £18 x 106
ou/min) the odor risk assessment indicated that an odor eriiission reduction of 97 to
99% would be required to reduce odor risk to acceptable levels. Implementation of
full gas recovery with follow-, surface odor emisskn monitoring may accomplish
the required degree of odor reduction. If it does not, several other mitigation
measures could be implemented, one-at-c-time, until the odor risk has been reduced
to oc'eptable levels. These possible subsequent measures, in the recommended
sequence, are:

I. Desi to channel and

2. Desian and construct a oerioheral water aerosol system to

draInage air. LlnTorTunarely a qucnnrnrive esiimae or expecrea
odor reduction can not be assigned to this measure. When the water
aerosol system was under evaluation, ambient air RH was high,
frequently above 90% thereby minimizing the impact of the system
in reducing downwind odor concentrations. Nevertheless,, the
following points are worth noting:

a. On several occasions increases in RI-I were measured in spite
of high ambient air RH. This suggests that the water aerosol
system was an efficient means of increasing RH under landfill
conditions.

b. High RH results in less severe temperature inversions and a
lowered frequency of critical odor "puff" transport conditions.

reduce downslope complaint, conditions by 76%.
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c. With all other monitored micrometeorological variables
similar for December and January, there was significant
increase in RH in January over December levels. There was
also a 73% reduction in confirmed and measureable odor
complaints in January relative to December. While some of
this. reduction might be ascribed to the operational controls
implemented by BKK Corporation, the increased RH must be
given credit for the balance. In fact, during high RH
conditions in early December no odor complaints were
recorded.

Should the need for implementation of this measure arise, it is
recommended that further evaluation of a large scale system be
carried out under low ambient air RH conditions
(September-November) to develop design criteria for a complete
system.

3. Evaluate and install w

This is the most "mechanical" of the recommended mitigation measures and has the
greatest potential for interfering with landfill operations. However, if Implemented
properly with measures I) and 2.) above, it has potential for reducing downwind odor
concentrations by an additional 67%. Its effectiveness in this regard has been
documented ¯by other EUTEK, INC. studies unde the very calm conditions
responsible for complaint odor concentrations downslope of the BKK Landfill. Pilot
testing of 'the MM controlled wind machines would be required prior to system
installation to insure proper orientation and placement to achieve vertical mixing
across barriers without attendant noise problems.

Through prudent implementation of the above step-by-step odor mitigation program
in conjunction with continuation of measures already undertaken by BKK
Corporation, an acceptable level of odor risk can be achieved for the BKK Landfill..
In time, this should establish the BKK Landfill as a good neighbor to the surrounding
residences.

The alternative of site closure is both less effective and potentially
counter-productive in accomplishing the degree of odor. reduction necessary to
achieve an acceptable level of odor risk.

It ha been our sincere pleasure to work with you and the involved staff of the City
of Wst Covina and to have, had .your full support and cooperation. A study of this
scope and depth could. not otherwise. have been accomplished under the
circumstances. Through your courage, perseverance, and professional performance,
many landmark findings have been scientifically established which will go beyond
the immediate problem and, greatly aid others facing similar circumstances.
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We are also indebted to the staff of BKK Corporation for their always helpful and
suppoiltive attitude and their direct assistance In many cases. A very difficult job
rm much more smoothly than one could reasonably expect due to their helpful
advic and assistance. On top of it all, the landfill continued to be operated in an
exemlary fashion throughout the study period.

We are prepared to answer any questions you may have regarding this report and
would be pleased to further discuss any points of special interest to you.

Respectfully Submitted,

EUTEK, INC.

;¯;,

George E. Wilson Terry W. Schroepfer
Project Manager Project Engineer
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I. INTRODUCTiON AND PROBLEM STATEMENT

I.

INTRODUCTiON

On Monday evening, 27 October 1980, the West Covina City. Council instructed

the City staff to scientifically measure odor emissions from the BKK Landfill. This

directive was prompted by widespread citizen complaints concerning nuisance odors

attributed to the landfill site. A 90-day timetable was established during which

measurable reduction in odors emitted from the landfill site were to be

quantitatively established by this scientific measurement procedure.

The BKK Landfill site is presently the only Class I solids disposal site

operational in the Southern California area. As such, it is the only site in this area

which can accept liquid and toxic wastes. Its continued operation is, therefore,

important to the many public and private entities generating these wastes and to the

public whose best interests areserved by careful control of such waste materials.

NOisonce odor complaints have been associated with the BKK Landfill for some

time. In an effort to mitigate nuisance odor conditions, BKK Corporation

contracted with the University of Southern California (USC), Environmental

Engineering Deportment, to sample air qualify at several locations in the landfill
¯

and in the surrounding area. A report summarizing the results of this study was

submitted to BKK Corporation in September 1980.(l) The study did not attempt to

¯

quantitatively measure mass emissions from the landfill nor did it quantitatively

measure odor. Concentrations of volatile compounds in the air were determined.

Odor was attributed primarily to hydrogen sulfide which was measured at levels

above the minimum detectable threshold odor concentration (MDTOC) at some

locations surrounding the landfill. The USC study concluded that containment and

-1-



scrubbing of off-gases from the sulfuric acid disposal wells should control the

primary source of hydrogen sulfide.

In responding to the City Council's instructions, Mr. Michael L. Miller,, Director,

Development Services, City of West Covina, requested that EUTEK, INC., review

the conditions pertaining to the BKK Landfill odor emissions. EUTEK, INC., was

asked to develop a proposal for a work effort which would scientifically measure

odor emissions from the BKK Landfill such that a definitive conclusion could be

drawn regarding reductions in such odor emissions over the 90-day period.

EUTEK, INC., submitted a proposal for the BKK Class I Landfill odor study to

Development Services of the City of West Covina on 4 November 1980. In their

regular meeting on .10 November 1980, the City Council of the City of West Covina

ajthorized initiation of the proposed work plan at the proposed Level A effort.

EUTEK, INC., was requested to proceed immediately on Phase I, Mobilization, on

Wednesday, 12 November 1980. Formal contract documents were completed on JO

November, 1980.

This report will describe efforts undertaken and results measured during the

course of the sfudy.

PROBLEM STATEMENT

Odor complaints are received by the City of West Covino Police Department.

They are formally logged and forwarded to Development Services. Based on the

location of most of the complainants and confirmation of detectable nuisance odors

by followup City staff teams, Development Services has been able to identify four

primary locations surrounding the BKK Landfill at which most nuisance Odor

conditions occur.

I. . "M Streets", southeast landfill boundary - Most nuisance odor conditions

hove been noted to occur in this area.. Strongest odor concentrations have

been noted at the intersection of Miranda and MarceUc streets.

-2-
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2. "L Streets", south landfill boundary - The next most frequent location of

nuisance odor conditions have been noted in this area, prticulorly on

Lynn Court, immediately adjacent to the south landfill boundary.

3. "Aroma Street", north landfill boundary - Odor concentrations at nuisance

levels are sometimes noted along this residential area.

4. "Hidden Valley and Casa Linda", northeast landfill boundary - Nuisance

odor concentrations are sometimes detectable in this area.

- It should be. noted that all of the above locations are localized low points in

topography in which cold air and odorants can concentrate during the evening hours.

The complex wind patterns at the BKK Landfill further complicate the

V definition of od& emission conditions. It. is not uncommon to observe widely varying

wind directions at various locations surrounding the landfill boundary. While the

writer was visiting the landfill site with the Director of Development Services, wind

was out of the southeast in the M Street area whereas a few minutes later the winds

were out of the northeast on Aroma Street.
.

Located as it is in a hilly area, complex dispersion conditions will characterize

transport of odors from the landfill source to downwind residents. Any attempt to

monitor downwind odor concentrations from the site without accounting for the

effect of varying dispersion would eventually lead to questions concerning what

source odor emission rates actually existed. .

Not the least ot the factors lending to the complexity of a clear definition of

odor emissions from the BKK Landfill is the nature of a landfill solids disposal

operation itself. Odor sources are widely distributed and will exhibit variable odor

emission rates. Disposal locations are continually changing throughout the site.

Site topography is undergoing continual change. Finally, climatic.. conditiors will

affect both odor emissions and disposal site locations. .

-3-



A definitive and qudntitative measure of odor emission rates from a large area

landfill site. such as the BKK Landfill must account for the many variations in source

odor emission rates, variations in micrometeorological conditions at the site, and

the variations that cm occur in dispersion of odors traveling from the landfill source

to a downwind residence.

Effective and reliable resolution of large area odor problems generally requires

more than the quantitative measurement of odor emissions. Mitigation measures

specifically designed for large area nuisance odor problems should also be considered

if the greatest probability of successful resolution is to be achieved. Mitigation

measures for large area odor emissions are concerned with modification of the

atmospheric sublayer micrometeorology and/or modification of site dispersion

conditions to prevent or mitigate the occurrence of high concentrations of odoronts

adjacent to the ground level. The effectiveness of these measures for reducing

downwind odor concentrations can best be evaluated in conjunction with

quantitative measurement of landfill site odor emission rates.

'U
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II. STUDY OBJECTIVES

V

Thprimary objective of the BKK Class I Landfill odor study was to determine

if improvements in landfill odor control occurred during the course of the study.

Measurement 'of such improvements would be based upon scientifically valid

techniques of odor measurement. Specifically, the following measurements were to

be made:

I. Measurement of reduction in odor emissions due to control or

elimination of acid disposal wells. '

2. Determination' of odor reduction resulting from, gas recovery

system installation and operation.

In addition to these determinations, evaluation of two large area odor control

measures were also to be made:

I. Barriers

2. Water aerosol

Based on the results of on-site measurements of odor emissions and

effecti'eness of odor control measures, on' odor risk assessment was to be made to

determine the required degree of control at the BKK Class I Landfill to insure

acceptable odor conditions.
V

V -5-



Ill. SCOPE OF ODOR CONTROL ENGINEERING STUDY

The odor control engineering services for the BKK Landfill odor study involved

seven separate study tasks. These study tasks and the schedule of implementation

have been shown on Figure I.

In addition to determination of quantitative odor emissions, from the BKK

Landfill site over the 90-day period, the study also evaluated the effectiveness of

large area odor emission mitigation measures for modifying both site

micrometeorology and dispersion.

TASK I. MOBILIZATION

Suitable odor subjects were screened, calibrated and trained.. All

instrumentation concerned with olfactometric, micrometeorological, and odor

transport measurements were leased, performance checked, aid calibrated.

Supplis for supporting each of the work phases were purchased and quality control

tested.

Dfinitive study procedures were set up during the mobilization period. These

were reviewed with City and BKK Corporation staff on Tuesday, 18 November, 1980

to insure that study procedures would not interfere in any way with landfill

operations and in order to insure maximum cooperative work effort with the

involved citizenry. . .

TASK II. HISTORICAL ODOR COMPLAINT ANALYSIS

This task concerned statistical summarization of the historical odor complaint

record attributed to the BKK Landfill. The analysis serves to identify seasonal and

diurnal trends in odor complaints. Mopping of complainant locations and relative

frequency of complaints serves to identify the relative sensitivity of areas.

surrounding the BKK Landfill to odor emissions.

-6-
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Task Description

Study Week

1 2 3 4 5 6 7 8 9 10 11 12

I. MOBILIZATION

II. HISTORICAL ODOR COMPLAINT
ANALYSIS

III. BASE LINE DATA COLLECTION
A. MICROIIETEOROLOGICAL
B. DOWNWIND ODOR, TRACER,

SMOKE STUDY

C. ODOR HOT LINE RESPONSE

IV. DATA ANALYSIS

V. ODOR RISK ASSESSMENT

VI. LARGE AREA ODOR MITIGATION
MEASURES

A. BARRIERS

B. LATER AEROSOL

VII. FINAL REPORT

_____ _____ ____L _____ _____ _____ _____ ______ ______

4 _____ ____

FIG. 1 BKK LANDFILL ODOR STUDY SCHEDULE
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TASK UI. BASELINE DATA COLLECTION

TIe baseline data collection task represented the heart of the study to

quanti1atively measure odor emissions from the BKK Landfill over the 90-day

period. The task was broken down into three phases: micrometeorologicol

monitoring; downwind odor, tracer, and smoke studies; and odor "hot line" response

studies.

As shown on Figure I, Task Ill was scheduled over two sepOrote two-week study

periods. The separation was to allow measurements before and after the USC

recommended odor mitigation measures hod been implemented. The

two-consecutive-weeks study period is the minimum time required at this time of

F year io obtain a statistically signifcant number of valid measurements. Valid

measurements must be made under strong sublayer inversion conditions with

sufficient duration to allow unambiguous interpretation of results. At this time of

V year, each two-week study period should provide approximately ten valid measured

cond it ions.

AL Micrometeoroloaiccl Monitorina (three stations) - In order to define the

complex wind patterns surrounding the BKK Landfill, it was necessary to maintain

three micrometeorological monitoring stations around the plant boundary. One of
F

these 'stations was the existing BKK weather station located above the M Street

residebtial area. The second micrometeorological monitoring station was located

above' the L Street area on the BKK Landfill site. The third micrometeorological
F

monitring station was located on the top deck of the BKK Landfill site.

Throughout the active data gathering portions of the study, one man was

responsible for maintaining all micrometeorological monitoring stations and advising

downwind measurement crews as to prevailing conditions at the three monitoring

stations.



In addition to measurement of wind speed and direction, absolute temperature

and humidity at a fixed elevation above ground surface was measured at each of the

monitoring stations. Specialized temperature gradient and counter-radiation heat

flux measurements were made at the L Street location in order to define the

strength of the site sub layer inversion.

B. Downwind Odor, Tracer and Smoke Studies - Based on prevailing wind drift

and/or current residential complainant location, odor measurements were made

downwind of the BKK Landfill utilizing the Eutek Systems Direct Reading

Olfactometer (DRO). The DRO measures odor concentrations in terms of dilutions

to minimum detectable threshold odor concentration (MDTOC), or equivalently, odor

units per cubic foot of air (ou/cf) under carefully controlled conditions.

Simultaneous with odor measurements, ambient air samples were taken for

subsequent as chromatographic determination of tracer gas concentrations.

Cylinders of inert and odorless tracer constantly discharged at known flow rates at

predetermined locations within the BKK Landfill site. Through correlation of

downwind tracer concentrations with tracer emission rates within the site it was

possible to quantitatively estimate the odor emission rate magnitudes within the

BKK Landfill site responsible for the measured downwind odor concentrations.

Periodically, samples of ambient air were bagged for subsequent analysis of

selected odoront concentrations.

Smoke studies provided visual confirmation of odor transport conditions. Under

low wind conditions, smoke bombs were set off within the BKK Landfill in order to

visually document the flow of landfill air to surrounding residential areas. These

smoke studies were also used to visually evaluate the effectiveness of the large area

odor emission mitigation measures.



/

Thrcughout the active data gathering portions of the study, one man was

responsit!1e for maintenance of the on-site, tracer gas and smoke bombs. Two men

were responsible for taking downwind tracer samples and analyzing these samples

gas chromatographically. Olfactometric odor measurements with the DRO involved

a three man crew consisting of the subject, operator and crew supervisor.

C. Odor Hot Line Response - Residents surrounding the BKK Landfill assisted

¯ in the quantitative measurement of odor emissions from the BKK Landfill by

promptly phoning in when detectable odors were noted. The City of West .Covina

two-way radio system was utilized to immediately notify downwind odor and tracer

measurement crews of the location of the detectable odor. The crews moved to

confirm and measure actual levels of odor concentrations. Tracer gas samples were

taken simultaneously in order to determine the apparent magnitude of odor

emissions responsible for occurrence of detectable nuisance odor concentrations.

in iddition to the odor hot line response, two meetings were held with a formal

citizens advisory group. In these meetings the status of the study, its results,

findings, and any suggested changes or improvements which could further assist the

study it meeting its objectives were discussed.

IV. DATA ANALYSIS

As shown on Figure I, there were two separate two-week periods during which

act ive baseline data collection was performed. Immediately following each of these

periods were periods of intensive data analysis to identify the critical

micror'ieteorological patterns, measured transport conditions, and, from these, the

apparent source odor emission rates from the BKK Landfill.

-10-



Because of the complexity of large area odor emission problems, all data was

subjected to statistical analysis involving frequency distributions.

V. ODOR RISK ASSESSMENT

Through additional statistical analysis, the information analyzed in the

preceding tasks were used to determine the degree of odor emission reduction

required to achieve an acceptable level of odor risk. Odor risk is defined as the

expected number of annual odor complaint events. An odor complaint event is

defined as that condition under which nuisance odor concentrations in excess of 5

ou/cf occur at the complainant location. Odor risk assessment is an essential

planning tool in defining those measures required for effective odor control.

VI. LARGE AREA ODOR MITIGATION MEASURES

The USC study commissioned by BKK Corporation identified severa,

alternatives for control of odors from specific sources. These source control

measures may have little direct effect on odor emissions distributed throughout the.

landfill. Control of odor emissions from widely distributed sources involves

measures specifically designed for large emission areas. Two such measures were

evaluated in conjunction with the present study: barriers for modification of site

dispersion and water aerosol modification of site micrometeorology. Evaluation of

the effectiveness of these large area odor mitigation measures entailed the same

measurement and analysis procedures as employed in Tasks Ill-V.

A. Barriers - The use of sharp edge barriers for reducing downwind odor

concentrations under suitable micrometeorological conditions has been

quantitatively established by tracer studies conducted for the County of Sacrpmento

-11-



by EUTEK, INC (2). Under natural or indured wind conditions, sharp edge barriers

cm effect manifold reductions in downwind odor concentrations. They are

particularly attractive for large emission areas in that they are relatively

inexpensive to install, require little or no maintenance and upkeep, and in addition

to significantly reducing nuisance odor conditions, they provide an aesthetic visual

and sound barrier as well. Under ideal conditions the BKK Landfill barriers would

not have to be peripheral but would. be localized at those "windows" through which

cold air containing high concentrations of odors flows to surrounding residential

areas.

Temporary 8 ft. sharp edge barriers were installed across one of the tIwindowsI

on the south BKI< Landfill boundary prior to the second two-week baseline data

collection effort. Downwind measurement procedures were identical to those

utilized during the first baseline data collection period. Results were compared

with those without the barrier to determine the apparent effectiveness of this

system P for reducing downwind odor concentrations.

B. Water Aerosol - The strength of the atmospheric sublayer inversion

responsible for high ground level odor concentrations is always substantially less

over water surfaces. This is due both to the difference in heat capacity of water
V

and soil, and, the effect of relative humidity in reducing the counter-radiation heat

flux. Humid air will invariably show less severe temperature gradients than air

without humidity.

As a consequence of severe inversions two phenomena occur which aggravate

odor problems. The first phenomenon is the absence of vertical mixing due to the

stability of warm air overlying colder air. Above certain critical limits, normal

turbulent mixing can no longer occur within such air layers.

-12-



The second phenomenon relates to thermal diffusivity in which trace gases tend

to concentrate in colder regions of air having strong temperature gradients. When

heat flows up, mass flows down.

Odors emitted from a ground surface source into the coldest layers of air under

strong inversion conditions cannot be effectively vertically mixed. Mixing which

does occur is counter-acted by the thermal diffusivity effect. As a consequence,

the strong inversion which exists over the cleared areas of the BKK Landfill

provides an ideal condition for concentrating odors within the lowest and coolest air

channels.

The water aerosol mitigation measure involves modifying the sublayer inversion

strength through increasing the relative humidity of lower air layers. This in turn

will reduce the strength of the temperature gradient within the sublayer and, in

turn, reduce the tendency for high odor concentrations to accumulate in cold

pockets of air.

For evaluating this mitigation measure, atomizers were distributed across the

BKK Landfill site west window for a one-week evaluation. This evaluation followed

that of the barriers. Like the barrier evaluation, this effort required the same

downwind odor, tracer, and smoke studies as were utilized in the baseline data

collection portion of the study.

VII. INTERIM AtD FINAL REPORTS

As shown in Figure I, interim progress reports were prepared for review during

the 6th and 11th weeks of the study. ¯ Review meetings were scheduled with the

citizens advisory committee on the Thursday evening of these weeks. This final

report was prepared at the conclusion of the study. All baseline data, data analysis,

-13-



V

results, and conclusions regarding the measured changes in site odor emission rates

and th need for and effectiveness of large area mitigation measures have been

summarized and fully documented in these reports. This final report will serve not

only to meet the City Council directive of a scientific measurement of BKK Landfill

site odor emissions but will also provide a basis for effective future odor control

plaming for the BKK Landfill site.

F

V
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WS-1 (T AND NET RADIATION) WS-2 (WIND SPEED AND DIRECTION, TEMP. AND RH)

PLATE 2 WEATHER STATIONS



V

of helters. A description of the instrumentation utilized for the

micrc1meteorological monitoring follows.

AT

The T instrumentation includes a tower, two thermistor temperature probes

shielded by vane aspirated radiation shields, a Delta temperature translator, and a

two channel dotting strip chart recorder. The translator provides a signal output for

ambient temperature and AT. The temperature probes are mounted at 5 ft. and 25

ft. above ground level. The linearity and accuracy of the system is ±0.19C. TheA

T translator and strip chart recorder are shown on Plate L along with the net

radiation recorder. The temperature probe and vane aspitated radiation shield are

shown in Plates 5 and 6.

Net Radiation

The net radiation system measures and records the difference between

incoming solar radiation and outgoing radiation within the spectrum of wave lengths

of 0.3 to 60 microns. Net radiation is measured in order to determine net heat flux

from the earth's surface. The system includes a net radiometer and a strip chart

recorder. The net radiometer is shown on Plate 7. The strip chart recorder is shown

on Plate k.

Wind Speed and Direction

Wind speed and direction at WS-2 aid WS-3 are recorded on a dual channel

contiiuous strip chart recording system. Wind speed is measured by means of a

3-cup anemometer which drives an AC generator. Direction is measured with a

-20-
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counter -balanced vane which rotates a precious metal wiper over a wire-wound

potentiometer. The wind speed and direction recorder is shown on Plate 8 with the

hygrothermograph for measuring temperature and RH.

Temperature and Relative Humidity (RH)

Temperature and RH are continuously recorded on a hygrothermograph.

Temperature is sensed by an aged bimetal element which distorts with changes in

temperature. A specialty treated bundle of human hair is used to measure RH over

the full range of 0 to 100%. The linearized response of the temperature and

humidity sensors is recorded on a wind-up drum type recorder. The accuracy of the

temperature recording" is approximately ± 1% while the humidity is accurate to + 3%

at the extremes and + 1% at mid-scale. The hygrothermograph is shown on Plate 8.

OLFACTOMETRIC MEASUREMENTS

All olfactometric (odor) measurements were completed with the EUTEK

SYSTEMS Direct Reading Olfoctometer (DRO). The DRO measures odor

concentrations in terms of dilutions to the minimum detectable threshold odor

conce'itration (MDTOC), or equivalently, odor units per cubic foot of air (ou/cf)

underj carefully controlled conditions. The DRO objectively measures the'

detectability of the odor.

Ambient odor measurement with the DRO is shown on Plate 9. The DRO unit

consists of an enclosure containing an air pump with several air flow metering tubes,

a resonse cord, and a mask. The mask is utilized to isolate the subject from

ambint odors. The response cord is utilized for electronic communicationbetween

the subject and the DRO operator. The response cord is used to maintain subject

-25-
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operator objectivity. The operator provides the subject varying dilutions of odorous

air with clean carbon-filtered air at timed sequences until the subject begins to

detect a change in background odor. When this point is reached, the odor

concentration is recorded as ou/cf, the number of dilutions to reach this threshold.

The DRO can be utilized directly in ambient air to measure odor concentrations

or it can be utilized with bagged samples of odorous air. If odor concentrations are

extremely high, the DRO is utilized in conjunction with a pre-dilutor to extend the

range of the unit. The DRO by itself can measure odor concentrations up to 300

cu/cf. With the pre-dilutor, odor concentrations of up to 60,000 cu/cf or more can

be measu red.

The measurement of unit area surface odor emission rate (unit area SOER) is

shown on Plate 10. A small area of an odor emitting source is isolated with a hood

or bucket. Air is pumped from the hood at a constant rate. Replacement air enters

the hood through a carbon filter. The odorous air pumped from the hood is then

sampled through the DRO to determine its odor concenfrat ion. The unit area .SOER

is proportional. to the odor concentration times the hood airflow rate and inversely

proportional to the surface area isolated.

Study Procedures

Ambient odor measurements were made as a routine patt of the BKK Landfill

odor study. The primary interest of the study was to determine the distribution and

concentration of odors in residential areas adjacent to the landfill. This

information, in turn, was utilized to estimate overall site odor emissions. Two

methods were utilized to identify areas where measurable odor concentrations

existed. The first method was to drive and walk areas downwind of the landfill to

determine whether measurable odor concentrations existed. If measurable odors

were encountered an ambient odor measurement was made.

-28-
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The second method for determining where measurable ambient odors existed

was the odor complaint "hot line." Residents who detected odors near their homes

notified the City of West Covina Communications. West Covina Communications

provided EUTEK with a portable transceiver which placed EUTEK in direct contact

with Communications. Upon receipt of an odor cpmpkiint, Communications would

immediately notify EUTEK of the time, location and name of the complainant.

EUTEK odor monitoring crews would then utilize this information to followup with

ambient odor measurements at the site of the complaint. If detectable odor

concentrations were encountered upon arrival, the odor concentration was

measured. If no odors were detectable, the odor monitoring crews made note of this

fact and moved into other areas to locate detectable odor concentrations.

The DRO was utilized to directly measure odor concentrations from various

sources within the landfill. For source odor measurements, such as the odor

concentration of the landfill gas, bagged samples were utilized. The odor

concentration of the air in the sample bag was then determined olfactometricolly.

Unit area SOER measurements were completed during the course of the study.

Selected areas of the landfill were chosen for unit area SOER measurements to

document the variability and nature of the odor emissions. Unit area SOER

measurements were also utilized to determine the effect of the implementation of

new gas recovery wells on surface odor emissions in the vicinity of the wells.

TRACER MEASUREMENTS

Tracer studies were completed in order to determine the site dispersion

characteristics and to evaluate the effectiveness of barriers and water

-30-



aerosol for large area odor mitigation. Tracer measurements were completed in

conjunction with ambient odor measurements to estimate the overall site odor

emission rate and to determine the probable source of landfill odors.

Similar procedures were utilized for all tracer studies. A compressed gas

cylinder of an inert odorless tracer, sulfur hexaflouride (SF6), was placed within

the landfill (Plate Il). Tracer was released at a controlled rate. Tracer was sampled

at downwind locations utilizing a 60 cc syringe as. shown on Plate 2. Tracer

concentrations in the syringes were determined with a gas chromatograph (GC)

specifically designed' to detect SF6. The GC is shown in Plate 13. The GC unit is

sensitive to 0.01 ppb.

Dispersion Measurements

The site specific dispersion characteristics of the BKK 'Landfill were

determined Ut lizing tracer measurements. Under critical micrometeorologica I

conditions a series of cross-wind tracer sampling traverses were completed.

Typicclly 20, to 30 or more syringe samples were taken in a 1000 to 3000 foot

traverse. All samples in the cross-wind traverse were analyzed to determine which

sample had the peak concentration of tracer. The peak concentration was assumed

to represent the centerline concentration and was utilized to back-calculate the

dispersion that occurred between the source of the tracer and the downwind location

which contained the peak tracer concentration.

Probable Source of Odors

order to determine the probable source of odors within the BKK Landfill,

gas concentration measurements were conducted in conjunction with
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odor measurements. The SF6 cylinder location was identified using the coordinate

system as shown on Figure 2. At the time of each odor measurement, a syringe

sample of ambient air was taken to determine tracer concentration. If both tracer

and odor were present in measurable quantities it could be concluded that the odor

came "wind-directionally" aligned with the tracer location (upwind, at, or downwind

of the tracer location). If there was no tracer but measurable odor concentrations

or if there was no odor but measurable tracer concentrations it could be concluded

that the odor was coming from a source not wind-directionally aligned with the

tracer. By moving the tracer location within the landfill site it should be possible to

determine the major sources of odor.

Site Odor Emission Rate

The overall site odor emission rate was estimated utilizing paired tracer and

ambient odor measurements. If the tracer was placed at the point of odor

emissions, dispersion conditions would be equivalent for tracer and odor. In this

case,

(I)

00 0t
Where:

c0 = odor concentration (ou/cf)

00 = odor emission rate (ou/min)

c. = tracer concentration (v/v)

= tracer mass emission rate (cf/mm)

The tracer mass emission rate is known as was the dowiwind odor and tracer

concentration, thus

0 = (c0/ct) at (2)
0
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In 'practice, the tracer was not at the odor source location because the odors

were found to be emitted over multiple areas whereas the tracer was a single point

source. Adjustments were made to the apparent Q to account for this fact.

SMOKE FLOW VISUALIZATION

Smoke candles were utilized to visually determine air flow and dispersion

conditions. Five minute smoke candles were lit cit various locations within the

landfill: to visualize air flow movements and to visualize the effects of various large

emission area control systems. Photo documentation of the smoke flow

visualization was difficult because the stable conditions of interest most often occur

during nighttime hours. Results of the smoke flow visualization were reported

qualitatively.

TEMPERATURE PROFILE MEASUREMENTS

Tmperature profile measurements

temperfature indicator sensitive to 0.01 °F.

were completed utilizing a digital

Temperature for a given location was

recorded as the 30 sec. average reading. The temperature probe was hand held at

the required location and elevation. Temperature profile measurements are shown

on Plate 1k.

BARRIER EVALUATION

Sharp edge barriers were evaluated as a potential large area odor mitigation

system for the BKK Landfill. A temporary barrier system was constructed across

approjimately 300 feet of the "West Window" of the BKK Landfill. The temporary

barrier system is illustrated on Plate 15. The barrier was constructed by
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placing and tying 3/8 inch by 4 x 8 plywood upright against an existing chain link

fence. The barrier was placed across the lowest point of the "West Window" and had

an effective height of 8 ft.

The effectiveness of the barrier system was evaluated uitilizing tracer, smoke

visualization and temperature profile measurements. The tracer measurements

were completed by placing tracer gas (SF6) upwind of the barriers and monitoring

tracer concentrations simultaneously upwind and downwind of the barrier. Baseline

upwind and downwind conditions were established prior to barrier construction.

Upwind barrier tracer concentrations were monitored at WS-2 while downwind

concentrations were monitored at the Lynn Court turnaround (approximately 100 ft.

downwind of the barrier). The objective of a sharp edged barrier system was to

reduce downwind concentrations by inducing vertical mixing as wind travels over the

barriers at speeds. in excess of 2 mph. The barriers could be shown to be effective if

downwind concentrations are consistently lower than upwind concentrations and if

the trend was clearly different from pre -barrier baseline conditions.

Barrier effectiveness was also evaluated visually using smoke flow. The affect

of the barriers in inducing vertical mixing was evaluated by observing smoke flow as

the smoke crossed over the barriers.

Temperature profile measurements were completed near the barriers in order

to evaluate the affect of the barriers on the movement of cold air within the

landfill. Temperature measurements were completed by measuring temperature

versus height upwind and downwind of the barrier.

WATER AEROSOL EVALUATION

A water aerosol system was constructed and evaluated to determine its

potential for mitigation of odors. The system is shown on Plates 16, Ii and 18. The
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system was constructed along approximately 330 ft. of the "West Window". The

system consisted of a total of IOU nominal three gallon per hour horizontal spray

atomizing nozzles, each discharging at 10 ft. above ground level. Water was

supplied from a portable storage tank with a capacity of approximately 1100

gallons. The water was pumped at 71 psig to the nozzles. A schematic of the

system is presented on Figure 3.

The water aerosol system was evaluated utilizing procedures similar to those

used for the evaluation of the barrier system. Tracer measurements were

completed by placing tracer gas (SF6) upwind of the aerosol system and

monitoring tracer concentrations simultaneously upwind and downwind of the

aerosol system. if downwind tracer concentrations were significantly lower than

upwind tracer concentrations, it could be surmised that the aerosol system had

affected the mixing conditions.

Smoke flow visualization was also utilized in the water aerosol system

evaluation.

Measurements of RH upwind and downwind of the water aerosol system were

completed to determine the affect of the system on local micrometeorology. Based

on the work of others, the net counter radiation occurring from the ground is a

function of RH (3). As RH increases net counter radiation decreases with a

concomitant reduction in temperature gradient. This, in turn, should allow a greater

degree of vertical mixing to occur from sharp-edged barriers under wind conditions.
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V. DISCUSSION OF RESULTS

HlTORlCAL ODOR COMPLAINT ANALYSIS

An analysis of odor complaints received by the City of West 'Covina between

June 28, 1979 and November II, 1980 has been completed. The beginning date

corresponds to the end of the USC historical odor complaint analysis.4 The

endkg date was the latest available complaint data at the time of the analysis. The

analysis was completed to identify, seasonal and diurnal trends in odor complaints.

The mapping of complainant locations and relative frequency of complaints served

¯ to identify the relative sensitivity of areas surrounding the BKK Landfill to odor

emissions.

The odor complaint data was obtained from Development Services Department

of the City of West Covina. The complaint data included the date, time, address,

name of complainant and a description of the odor. Odor complaints are also filed

with the AQMD, but, no attempt was made to analyze this data as it was not as

¯ complete as the City's odor complaint data. In many cases the AQMD complaints

wer duplicates of the City complaints.

A total of 250 complaints were analyzed fGr the 1979 year and 534 for the 1980

year-to-date. A tabular summary of the complaints versus month and day of the

week is presented on Table I for 1979 and 1980. With the exception of one month

(July) the number of odor complaints has increased in 1980 over those in 1979.

A number of factors could be responsible for the increase in the number of odor

complaints.. Odor emissions from the landfill may have increased. Public awareness

of oior problems at the BKK Landfil has Increased dramatically. The City has.

advrtised phone numbers to call in the event of odor complaints. Finally, organized

effots
¯

may be confributlng to the increase in the number of
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TABEE 1

N1(BU OF ODOR CG4PLAINTS VERSUS MONTH AND DAT

S
June - December 1979 January - November 11, 1980

Total Total
Month Hon Tue Wed Thu Fri Sat Sun Per Month Mon Tue Wed Thu Fri Sat Sun Per Month

January 2 3 1 6 0 7 0 19
February 6 12 5 8 6 5 7 49

March 6 9 14 9 7 7 6 54
April 3 11 4 7 5 1 2 33
Hay 1 1 4 1 1 2 2 12

Juue 0 0 0 1 11 3 0 15 5 3 7 12 10 4 9 50
July 19 7 7 5 12 15 10 75 4 2 3 4 3 3 4 23

Apgust 2 3 6 12 8 2 4 37 5 6 8 7 13 7 4 50

September 3 11 4 5 17 9 9 58 28 21 7 29 12 9 15 121

October 7 2 0 12 11 6 7 63 16 27 18 5 12 15 11 104

November 1 3 0 2 3. 2 2 13 3 2 3 4 3 1 3

December 0 1 2 1 1 1 3 9

Totals 32 27 19 38 63 36 35 250 77 97. 74 93 72 61 61 534

°Partial months data.

4 (4 4 .4 it ,t .4 .4 .4
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complaints. Thus, it would be impossible to ascertain simply from the number of

odor complaints whether odor conditions are actually better or worse in 1980 than

they were in 1979.

The number of odor complaints versus month for 1979 and 1980 are presented in

bar charts on Figures Ze and 5. When evaluating the 1980 year, of particular interest

is the dramatic increase in the number of complaints during the months of

September and October. The frequency of critical transport conditions in other

locations has been observed to increase significantly In the fall months over that

which occurs during the summer months. The phenomena of increased odor

complaints can be explained by the onset of more stable meteorological conditions

- with the passing of the fall equinox. The reason for the lack of a similar increase

during the fall months of 1979 is unknown.

The number of complaints versus time of day is presented in bar chart form on

Figures 6 and 7. Figures 6 and 7 show that the highest frequency of odor complaints

occur during the evening and early morning hours. Again, this phenomena' can be

explained by meteorological conditions. The onset of a nighttime radiation inversion

will reate critical transport conditions. Another possible explanation exists for the

hlgh frequency of odor complaints during these hours. The evening hours are the

hour in Which residents return home from work and this may account for the high

frequency of odor complaints between 6 p.m. and midnight. During the early

morr1iing hours residents are leaving for work and this may account for some

complaints. Based on previous studies it seems likely that complaints are more

frequent during the evening and early morning hours because of critical

micrometeorological conditlonsoccurring during these hours.

An analysis of the number of complaints versus day of the week was completed,

-
In order to determine how landfill operations may affect the number of odor

complaints.

-47-
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The BKK Landfill is open from 6 a.m. to 5 p.m. Monday through Saturday. Sunday Is

the only day In which there is no working face in the landfill. FIgures 8 and 9 show

the frequency of complaints versus day of week for 1979 and 1980, respectIvely.

During 1979 the largest number of complaints were received on Friday while the

minimum was received on Wednesday. Sunday received the fourth largest number of

complaints. DurIng 1980 highest number of complaints were recorded on Tuesday

with the minimum number of complaints recorded on Saturday and Sunday. From

this analysis it cm. be concluded that working face odors and daily landfill

operations are not completely responsible for odor complaints received. This

suggests that migrating gas and other residual odors may be contributing to the odor

problem at the BKK Landfill.

The frequency of odor complaints (I.e., the percentage of days In which

complaints were logged) is presented on Table 2. in both 1979 and 1980 odor

complaints were received on 66 to 67% of the days. That Is, on two of every three

days odor complaints could be expected to be filed.

The frequency distribution of described odor characteristics are presented on

Table 3. The descriptions "garbage", "chemical", and "gas" were the most frequently ii
mentioned description of the odor. Other descriptions included "rotten", "burnt

rubber", "decaying animal", and "deodorant spray". The description of "deodorant

spray" probably was referring to an odor masking agent utilized in the water trucic.

it should be noted that the deodorant spray results In odor complaints when its

purpose is to mask other odors. It should be noted that the description of on odor Is

highly subjective. An odor described as "chemical" by one Individual may be

described as "gas" by his neighbor. The only conclusion to be drawn by this analysis

is that the majority of descriptions provided are not inconsistent with landfill

operations.
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TABLE2

FRZQUENCY OF ODOR COMPLAINTS

(Z of Days)

Year

Month 1979 1980

January - 29

February - 59

March - 68

April - 53

May - 71

June - 87

July 87 55

August 71 81

September 83 77

October 74 87

November 37 73

December 42

Total 66 67
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TABLE 3

DISTRIBUTION OP ODOR CRARACTERISTICS

(z)

Year

Characteristic 1979 1980

Garbage 28 24

Chemical 29 39

Gas 16 16

Rotten 12 11

Burnt Rubber 6 2

Decaying Animal 7 2

Deodorant Sprai 1 5



order to determine the areas most seriously affected by the odors from the

BKK Landfill, the distribution of complaints versus street name were. tabulated on

Table 4. A map of the area surrounding BKK Landfill is presented on Figure 10 for

reference. The greatest number of complaints were logged from Miranda and

Loraine Streets. Miranda Street Is the closest residential area to the active portions

of the landfill. In terms of groupings, the "M" and "L" Streets were the most

frequent locations for complaints. The condominium development south of Amar

and fhe area to the north of the landfill were other affected areas.

Conclusions

The following conclusIons were made from the odor complaint analysis:

I. Micrometeorology apparently plays a significant role in the number of

odor complaints from the BKK Landfill. This conclusion is based on the

time and seasonal distribution of complaints. Odor complaints occurred

most frequently during nighttime and seasons when sublayer inversions are

common.

2. The most seriously affected areas are the "M" and "I.." Street areas.

These areas are also in closest proximity to the landfill site and will

receive downslope drainage of cold air moving across the landfill. The

frequency of complaints in other areas is very low relative to the L and M

streets.

3. The regular occurrence of odor complaints on Sunday when there is no

working face suggests odor sources other than the working face are

responsible for some complaints.

SlT MICROMETEOROLOGY

V.
The. site specific micrometeorology will determine the direction in which the

-¯ odors are transported and will determine the amount of dispersion that will occur
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TABLE 4

DISTRIBUTION OP COMPLAINT LOCATION

(%)

Year

Characteristic 1979 1980

Miranda Street 21 25

Loraine Street 20 16

Melissa Street 11 . 6

Lynn Court 1 5

Paseo Olives 3 5

Maria Court 2 4

Nanette Avenue 1 3.
Aroma Drive 1 3

Rollencrest 2 . 2

Kings Crest Drive 2 2

Marlena Street 2 1

E. Rarrington Way 0 1

Donna Beth Avenue . 1 1

Elena Avenue . 1' 1
Riingrove Drive 2 1

Paoeo Tepic 1 1

AmarRoad 5 1
Woodridge Circle 0 1
Temple Avenue 0 1

Barham Avenue 3 1
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between the odor source and the downwind neighborhoods. Micrometeorological

parameters, considered potentially significant to odor transport which were
monitored at the BKK Landfill site included wind speed, wind direction, AT, net

radiation, temperature and relative limIdlty (RH). These parameters are not

Independent. They are influenced by large scale meteorology and by site

topogrophy. It Is the unique combination of these parameters that results In the

distribution and concentration of downwind odorants.

In general, worst case conditions for maximum downwind odor concentration

would occur under the following conditions:

I. Strong sLblayer inversion (positive )

2. Low wind speeds

3. Uni -directional wind

L. Low RH

5. Strong net counter radiation

6. Warm temperature

The micrometeorological measurements at the landfill site were designed to

determine the frequency and extent to which those conditions occur. Site

micrometeorological measurements were also designed to be descriptive in terms of

the type of air movements that occur within the landfill area.

Of perhaps the greatest significance to downwind residents is the frequency of

wind direction (i.e., the direction from which the wind blows) during times when the

other parameters are critical. Odor exposure can only occur If there is wind

movement aligned between the source of odors and the complainant.
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Typicil Diurnal Micrometeorology

A typical diurnal trace (January 19, 1981) of the six micrometeorological

parameters monitored is shown on Figure II. The following patterns noted in Figure

I I were generally typical of the months of December 1980 and January 1981:

I. Wind speed was measurable during day light hours but

during night hours frequent calm conditions of varying

durations occurred. The calm conditions would begin

near sunset. Often wind speed picked up again near

midnight.

2. Wind direction was highly variable. No consistent

diurnal wind direction pattern was observed. Wind

direction was most frequently from the east. During

calm conditions it was not possible to determine the true
w

I

wind direction with the instrumentation.

3. £1 showed a distinct diurnal pattern. f was neutral

or negative during daylight hours. At or near sunset AT

would remain neutral to positive until sunrise. £1 did

not remain steady but was variable, The greatest

variations occurred during calm wind conditions.

lê. Net radiation varied directly with the overhead angle of

the sun during daylight hours, If any cloud cover

occurred net radiation would drop immediately to a near

zero value. The net radiation during evening hours was

steady and slightly negative.

-61-
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5. Temperature varied diurnally with the high temperature

occuring mid-afternoon. The minimum temperatures

occurred just prior to sunrise.

6. RH varied diurnally opposite that of temperature. The

maximum RI-i occurred at the point of minimum

temperature. The minimum RH occurred typically at

the point of highest temperature.

A great majority of odor complaints that have occurred in the neighborhood

surrounding the BKK Landfill hove occurred during calm wind conditions with a

positive AT indicating an atmospheric sublayer temperature inversion. It is the

calm condition with a positive temperature gradient that allows for the downslope

drainage of relatively cold air. The time distribution of calms with positive AT Is

strongly correlated with the time distribution of odor complaints (Figures 6 and 7).

Meteorological measurements in conjunction with smoke flow visualization and

tracer studies have confirmed the observations made in previous reports that strong

ground level inversions and the consequent downslope drainage of cold air will result

in tPe transport of measurable odor concentrations to the downwind neighborhoods.

Microrneteorological conditions were observed to be extremely stable during the

evening and early morning hours. During most evenings wind speeds dropped below

the measurable threshold of the 3-cup anemometer. The wind direction vane was

deacstill at these times. When these conditions occurred, the only way to determine

wind movement patterns is through the use of a smoke candle.
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In the sections following each micrometeorological parameter will be discussed,

a typical trace will be presented and comparisons will be made between the

frequency distribution in December 1980 and January 198 I.

Wind Speed And Direction

A typical wind speed and direction recording is presented in Figure 12. The

wind speed and direction was measurable during daylight hours but was frequently

calm during the evening hours. A calm condition Is defined as any wind speed below

the threshold of the 3-cup anemometer. A calm shows up as a straight line trace on

the strip chart recorder on both wind speed and direction. Hourly wind speed

frequency distributions for WS-2 and WS-3 for December 1980 and January 1981 are

presented in Tables 5, 6, 7 and 8 respectIvely. Comparing WS-2 to WS-3, a higher

frequency of calms occurred of WS-2 for both December and January (approximately

26% for WS-2 vs 18% for WS-3). There was not a significant difference in the

frequency distribution of:wind speed on a daily average basis between December and -

January, for either WS-2 or WS-3.

Tables 5-8 clearly show that the highest frequency of calm conditions ocàur

between 16:00 to 23:00. The frequency and duration of cairns for the BKK Landfill

site is presented on Table 9. Most calms occur for a duration of one hour or less.

Calms account for 18-26% of time at the BKK Landfill, an unusually high frequency.

Calms occurred on greater than 90 percent of the days in both December and

January. Calm frequency was approximately the same for both WS-2 and WS-3 In

December and January.

The frequency of wind direction is presented as an overall site wind rose on

Figures 13 and 14 for 'December 1980 and January 1981 respectively. The most

frequent wind directions were east and northeast. Wind direction was variable

throughout the day. Although the wind direction frequency changed somewhat from.
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TABLE 5

WIND SPEED HOURLY PREQUENCY DISTRIBUTION
WS-3, DECEMBER 1980 (2)

Wind Speed Cph)

Titus CaJ.i 0-2 24 46 68 810 1O

24-1 22.2 33.3 18.5 22.2 3.7 0.0 0.0
1-2 . 14.8 . 44.4 14.8 22.2 3.7 0.0 0.0
2-3 18.5 37.0 26.0 14.8 3.7 0.0 0.0
3-4 11.1 29.6 37.0 .18.3 3.7 0.0 0.0

4-5 11.1 33.3 18.5 30.0 7.4 0.0 0.0
5-6 7.4 25.9 40.7 14.8 11.1 0.0 0.0
6-7 14.8 14.8 37.0 29.6 3.7 0.0 0.0
7-8 11.1 . 29.6 25.9 29.6 3.7 0.0 0.0

8-9 16.0 28.0
.

32.0 20.0 3.7 0.0 0.0

9-10 20.0 32.0 36.0 12.0 0.0 0.0 0.0
10-11 16.0 60.0 12.0 12.0 0.0 0.0 0.0
11-12 8.0 56.0 28.0 12.0 0.0 0.0 . 0.0
12-13 4.0 68.0 24.0 8.0 0.0 0.0 0.0
13-14 8.0 56.0 28.0 8.0 0.0 0.0 0.0
14-15 8.0 56.0 32.0 4.0 0.0 0.0 0.0
15-16 8.0 64.0 24.0 4.0 0.0 0.0 0.0

16-17 56.0 28.0 12.0 4.0 0.D 0.0 0.0
17-18 34.6 42.3 23.1 0.0 0.0 0.0 0.0
18-19 30.7 61.6 7.7 0.0 0.0 0.0 0.0
19-20 35.7 43.6 10.7 0.0 0.0 0.0 0.0
20-21 32.1 46.4 14.3 . 3.6 3.6 0.0 0.0

21-22 21.4 46.4 21.4 7.2 0.0 3.6 0.0

22-23 21.4 28.6 35.7 14.3 0.0 0.0 0.0

23-24 21.4 32.1 32.1 14.3 0.0 0.0 0.0

Avg. 18.8 41.5 24.6 12.7 2.0 .15 0.0
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orIgIrIo.rlr TABLE 6

WIND SPEED HOURLY FREQUENCY DISTRIBUTION
WS-2, DECEMBER 1980 (7.)

Wind Speed (mph)

Tire 'Calm 0-2 2-4 4-6 6-8 8-10 10

24-1 37.1 29.6 22.2 0.0 3.6 3.6 3.6

1-2 22.2 44.4 14.8 7.4 7.4 3.7 0.0

2-3 29.6 37.1 14.8 11.1 0.0 3.7 3.7

3-4 29.6 29.6 . 29.6 3.7 3.7 3.7 0.0

4-5 29.6 29.6 22.2 11.1 0.0 3.7 3.7

5-6 25.9 37.1 25.9 3.7 0.0 7.4 0.0

6-7 18.5 44.4 14.8 14.8 0.0 3.7 3.7

7-8 22.2 29.6 25.9 14.8 0.0 3.7 3.7

8-9 33.3 22.2 22.2 7.4 11.1 3.7 0.0

9-10 :14.8 37.1 29.6 3.7 14.8 0.0 0.0

10-11 11.1 48.2 25.9 11.1 3.7 0.0 0.0

11-12 0.0 48.2 44.4 7.4 0.0 0.0 0.0

12-13 3.7 40.7 48.2 7.4 0.0 0.0 0.0

13-14 3.7 37.1 53.6 3.7 0.0 0.0 0.0

14-15 0.0 66.7 29.6 3.7 0.0 0.0 0.0

15-16 I 7.4 70.4 14.8 7.4 0.0 0.0 0.0

16-17 69.2 25.9 3.8 3.8 0.0 0.0 0.0

17-18 59.3 25.9 14.8 0.0 0.0 0.0 0.0

18-19 35.7 46.4 14.3 3.6 0.0 0.0 0.0

19-20 42.9 39.3 10.7 7.1 0.0 0.0 0.0

20-21 42.9 39.3 7.1 7.1 3.6 0.0 0.0

21-22 42.9 35.7 7.1 7.1 7.1 0.0 0.0

22-23 . 21.4 39.3 23.0 7.1 7.1 0.0 0.0

23-24 25.0 32.1 17.9 10.7 7.1 7.1 0.0

Avg. 26 39 22 7 3 2 1
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TABLE 7

WIND SPEED HOURLY FREQUENCY DISTRIBUTION
WS-3, JANUARY 1981

¯ Wind Speed, mph (Z in given interval)

Time Calm 2 2-4 4-6 6-8 8-10 10

0-1 17 50 28 6

1-2 6 44 33 17

2-3 17 44 39

3-4 11 33 44 11

4-5 6 61 22 11

5-6 22 39 22 11

6-7 11 50 17 17 6

7-8 6 50 17 22 6

8-9 17 22 50 6 6.

9-10 11 47 32 5 5

10-11 5 58 32 5

11-12 5 79 11 5

12-13 11 74 11 5

13-14 17 56 17 11

14-15 6 72 11. 11

15-16 6 61 28 6,

16-11 22 50 22 6

17-18 33 50 17

18-19 39 56 6

19-20 56 28 17

20-21 39 44 17

21-22 22 44 22 11

22-23 17 28 44 6 6

23-24 17 28 44 6 6

Avg. 17.5 48.7 25.1 7.0 0.7 1.0 0.3

I
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TABLE 8

WIND SPEED HOURLY FREQUENCY DISTRIBUTION
WS-2, JANUARY 1981

Wind Speed, mph (Z in given interval)

'V

'V

'V

Time Calm 2 2-4 4-6 6-8 8-10 10

0-1 21 37 21 11 11

1-2 30 25 25 10 5 5

2-3 16 42 21 11' 11

3-4 32 32 5 11 16 5

4-5 37 32 16 5 11

5-6 32
.

32 16 5 11. 5

6-7 26 26 21 16 5 5

7-8
.

21 32 21. 11 11

8-9 16 26 16 21 16 5

9-10 11 42 21 16 5
.

5

10-11 0 42 37 5 11 5

11-12 0 58 37 5

12-13 0 58 32 5 5

13-14 0 53. 37 11

14-15 0 47 37 5 5 5

15-16 5 47. . 37 11

16-17 37 37 16 5 5

17-18 47 42 5 5

18-19 63 32 5

19-20 63 21 5 5 5

20-21 . 58 5 26 11

21-22 42 11 26 5 16

22-23 32 26 21 16 5

23-24 21 . 32 16 26 5

Avg. 25.4 34.9
.
21.5 7.9 6.1 2.8 1.3
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T&BLE 9

FREQUENCY AND DURATION OF CALMS

(%)

Decanber 1-31 January 1-15
Duration

(brs) WS-2 WS-3 WS-2 WE -3

1 44.5 47.8 41.9 40

2 20.8 17.4 9.7 20

3 13.9 ,

' 15.2 22.6 . 30

4 6.9 4.4 12.9 0

5 5.6 2.2 3.2
'

5

6 5.6 4.4 6.4 0

7 1.4 0 0 5

8 1.4 2.2 3.2 0

9 0 6.6 0 0

Total Calm
Frequency 27 ' 19 . 25 15
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Decenber to January, wind direction may not play a significant role in odor

complaint conditions because most Often complaints occur during calms. During

calm conditions wind direction cannot be determined with the instrumentation.

A typical AT trace is presented on Figure 15. Note that a positive AT occurs

during evening and early morning hours while a negative or neutral T prevails

during daylight hours. Also superimposed upon the AT trace is an indication of the

periods in which calms prevailed. Generally it appeared that under calm conditions

a temporary increase in the sublayer temperature gradient occurred.

An hourly frequency distribution for PT conditions ( AT greater than 2°F) is

presented on Table 10. PT conditicns rarely prevaii during daylight hours and most

frequently prevail during evening and morning hours. During the month of

Dece{nber, evening PT conditions were most likely to prevail between 1600 and 2000

hours. During the month of January, evening PT conditions were most likely to

prevclI between 1700 and 2300 hours. During the month of December, morning

strong temperature inversions typically occurred between 0100 to 0700. During the

month of January the most frequent occurrence of morning PT conditions was

between 0500 and 0600 hours.

The PT frequency was greater both in terms of total time and in percentage of

days in the month in which PT prevailed in December than it was in January. PT

prevailed 14.6% of time and 63% of days for the days measured in December while it

prevciled 6.7% of time and 44.5% of days during January. it should be noted that

the data analyzed constitutes only one week in both December and January.
V
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TABLE 10

PT HOURLY FREQUENCY DISTRIBUTION

Frequency of PT for Given Time (%T
Time December 3 - January 6 - 14

.0100 25 5.6

0200 17 5.6

0300 30 5.6

0400 60 5.6

0500 22 16.7

0600 30 11.1

0700 11 5.6

0800 8 0

0900 9 0

.1000 0 0

1100 0 0

1200 0 0

1300 0 0

1400 0 0

1500 0 0

1600 15 5.6

1700 7 11.1

1800 . 31 11.1

1900 21 11.1

2000 . 14 22.2

2100 0 16.7

2200 17 16.7

2300 8 11.1

2400 25 0

Daily 14.6 6.7

Percentage
of days in 63% 44.5%
Month

aTheAT instrumentation utilized in December was different from that used
in January.
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Different instrumentation was used in December than was used in January. The

instrumentation used in December was unreliable and had to be replaced. For that

reason comparisons of AT between December and January cannot be given too much

weight.

Net Radiation

Figure 16 shows a typical diurnal pattern of net radiation. The net radiation is

positive during cloud-free daylight hours and is negative during evening hours. A

negative net radiation indicates heat loss from the earth surface. The net radiation

measurements ore stable during the nighttime hours. Hourly frequency distributions

for net radiation are presented in Table II and 12 for December 1980 and January

1981 respectively. January showed somewhat higher positive and negative net

radiation than did December. Other than the extremes the frequency distributions

were similar.

Temperature and RH
-

17 shows a typical diurnal temperature and RH recording for WS-2. The

low temperatures were recorded during the early morning hours and high

temperatures at approximately 14:00 hours. The lowest RH was recorded at the

point of the highest temperature and the highest readings occurred at the points of

lowest temperature.

The high and low RH and temperature for WS-2 for December and January are

presnted in Tables 13 and 14 respectively. The average high RH was 78% for

December and 86% for January. The average low RH was 40% for December and

41% for January. The overage high and low temperatures for December and January

were Identical.

Hourly frequency distributions for

December and January are presented in

temperature and RH for the months of

Tables 15, 16, 17 and 18 respectively. As
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TAELE 11

NET RADIATION ROURLY FREQUENCY MSTRI1IUTION, DECEHBER 1-19, 1980

Net Radiation, watts/02 (Z in given rsnge)
-200 to -100 to

Time <-200 -100 0 0-100 100-200 200-300 300-400 400-500 500-600 600-700 700-800 800-900 >900

0-I 53 47
1-2 56 44
2-3 56 44
3-4 50 50
4-5 39 61
5-6 28 72
6-7 33 67
7-8 11 89
8-9 6 50 11 28 6
9-10 6 24 6 29 29 6
10-11 6 6 6 6 19 19 31 6
11-12 7 13 53 27

12-13 6 12 12 6 6 53 6
13-14 18 12 12 12 24 18 6

14-15 6 19 19 38 13 6
15-16 38 50 6 6
16-17 13 87
17-18 76 24
18-19 63 37
19-20 71 39
20-21 65 35
21-22 53 47
22-23 53 41 ¯ 6
23-24 59 41

:4 (1 ¯ 4 .
.

¯
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TABLK 12

NET RADIATION I1OU2LY YREQUENCY DISTRIBUTION, JANUARY 5-23, 1981

Net Radiation, wattaIt2 (Z in given range)
-200 to -100 to

Time <-200 -100 0 0-100 100-200 200-300 300-400 400-500 500-600 600-700 700-800 800-900 >900

0-1 9 27 64
1-2 9 45 45
2-3 10 40 50
3-4 9 36 55
4-5 45 55
5-6 9 27 64.
6-7 9 27 64
7-8 9 82 9
8-9 27 . 27 18 27
9-10 18 9 9 9 45 9
10-lI 18 18 9 36 18
11-12 27 45 9 18
12-13 18 9 27 18 18 9
13-14 10 10 20 30 30
14-15 8 42 33 17
15-16 27 54 18
16-17 55 45
17-18 83 17
18-19 69 31
19-20 69 31 .

20-21 69 31
21-22 67 ¯ 33
22-23 50 50
23-24 50 50
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TABLE 13

HIGH MID LOW RH MID TEMPERATURE
WS-2, DECEMBER 1-19, 1980

I-

w

RH_(Z)
Date Hfgh Low

_____________

High Low

1 55 52 65 62

2 98 51 70 63

3 90 89 88 56

4 92 52 64 52

5 85 70 ¯56 50

6 98 .44 60 43

7 97 43 60 44

8 97 21 67 42

9 77 30 68 43

10 55 25 68 46

¯11 48 17 79 50

12. 52 30 60 52

id . 87 32 72 ¯46
llii 80 24 76 46

15 46 17 84 52

51 33 87 60

17 90 37 76 . 51

18 86 50 61 46

19 90 38 64

Avg.
.

. 77.6 39.7 69.7 5Q.Ø
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TABLE 14

HIGH AND LOW RH AND TEMPERATURE
WS-2, JANUARY 5-23, 1981

RH (%) Temp (°F)
Date High Low High Low

5 75 17 79 49
6 27 11 77 59
7 85 26 70 48

8 90 39 64 45

9 75 16 73 45

10 36 22 76 57

11 100 35 63. 54
12 85 69 63 57

13 92 69 72 49

14 91 35 73 51

15 100 49 68 48

16 100 54 65 48
17 100 .49 69 46

18 87 35 73 49

19 100 52 68 46

20 100 52 68 47

21 100 58 69 47

22 100 36 72 53

23 100 60 62 46

Avg. 86.5 41.3 69.7 49.7

---I
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TABLE 15

TEMPERATURE hOURLY FREQUENCY DISTRIBUTION, WS-2, DECEMBER 1-19, 1980

Temparature,°F (% in iven range)
Time 40-45° 45-50° 50-55° 55-60° 60-65 6 -70° 70-75° 75-80° 80-85° >85°

0-1 6 25 25 19 25
1-2 40 27 7 27
2-3 13 23 25 13 19 6
3-4 18 24 18 lB 24 6
4-5 6 39 22 6 17 6 6.
5-6 18 35 18 12 12 6
6-7 24 24 12 12 18 6 6
7-9 13 25 25 6 19 6 6
8-9 27 7 33 20 7 . 7
9-LO 6 19 19 31 13 6 6
10-11 6 12 18 18 24 6 12 6
11-12 12 18 18 18 18 12 6
12-13 25 13 19 13 19 13
13-14 18 24 24 24 6 6
14-15 13 25 25 6 19 6 6
15-16 S 25 13 25 25
16-17 13 6.4 25 6 13
17-18 6 29 24 24 18
18-19 19 31 19 25 6
19-2O 24 24 18 24 12
20-21 19 38 19 25
21-22 31 25 25 13 6
22-23 20 40 20 13 6
23-24 21 29 29 7 7

Daily
Average 4.3 18.9 19.1 17.9 19.4 9.1 3.3 3.6 3.1 1.2
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TABLE 16

TVIPERATVRZ ROURLY PREQUENCY DISTRIBUTION, WS-2, JANUARY 5-23, 1981

Teperature,0P (Z in given range)
Time 40-45° 43-50° 50-55° 55-60° 60-65° 65-7O' 70-75° 75-80° 80-85° )85°

0-1 6 29 24 29 12 6
1-2 22 33 22 11 6
2-3 24 35 24 18
3-4 29 35 18 18
4-5 29 35 24 12
3-6 44 25 31
6-7 33 33 27 7
7-8 44 25 23 6
8-9 6 18 29 29 18
9-10 6 6 24 29 24 12
10-11 6 35 29 12 18
11-12 6 22 22 28 22
12-13 8 18 33 22 11
13-14 6 22 33 18 22
14-15 25 37 25 13
15-16 25 37 25 13
16-17 13 47 33 20
17-18 6 31 56 6
18-19 28 39 33
19-20 6 35 41 12 6
20-21 22 39 22 11 6
21-22 24 35 24 12 6
22-23 25 25 31 13 6
23-24 25 31 31 6 6

Daily
Average 1.1 16.9 21.8 23.3 17.4 11.4 6.2 2.0 0 0

V
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TABLE 17

FREQlJENCYDISTRIBUTIONws-2. DECEMBER 1-19. 1980
- --

RH-HOURlY

Relative Humidity (2)
Tiae 0-3 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85 85-90 90-95 95-IOu)

0-1 . 6 13 19 13 19 19 13
1-2 . 6 6 19 .19 6 6 25 6 6
2-3 6 13 13 13 6 13 13 13 13
3-4- 7 7 13 13 13

-

7 7 13 7 7 7
4-5 6 19 13 19 6 6 19 IS
5-6 13 6 6 13 13 6 6 6. 25 6
6-7 - 13 13 6 6 19

-

6 6 13 19
.7-8 6 6 6 25 13 6 6 19 13
8-9 . 6 6 19 6 6 19 6 6 6 13 6
9-10 13 6 6 19 6 6 13 6 6 6 13
10-11 6 6 19 13 13 6 13 13 6 6
11-12 19 6 13 13 6 13 13 13 6
12-13 13 6 6 19 13 13 6 13 6 6
13-14 13 13 13 6 19 19 6 6 6
14-15 13 13 6

-

13 25 6 13 13
15-16 6 19 6 13 19 19 6 6 6
16-17 6 12 6 12 24 6 18 6 6 6
17-18 6 6 6 12 6 24 12 6 24
18-19 6 6 18 6 6 18 12 12 12 6
19-20 24 12 6 6 12 6 18 12
20-21 6 13 6 13 6 6 19 19 6 6
21-22 13 13 13 6 6 13 13 6 25
22-23 6 6 12 12 6 6 6 12 6 6 24
23-24 6 18 18 6 6 6 6 6 12 12 6

Daily .

Average 0 0 0 1.8 3.1 2.8 7.2 8.5 10.2 12.1 8.5 7.7 3.3 4.6 6.4 2.8 7.2 9.0 3.4 1.0



TABLE 18

RH HOURLY FREQUENCY DISTRIBUTION, WS-2, JANUARY 5-23, 1981

aeiative flidity CX)
Tine 0-5 5-10 10-15 15-20 20-25 25-30 30-35 3540 40-45 45-50 50-55 55-60 60-65 6570 70-75 7580 80-85 8590 90-95 95100

0-1 5 5 5 5 5 11 11 5 16 5 11 16
1-2 5 5 5 5 5 5 5 11 16 21
2-3 5 5 5 5 5 5 13 5 16 II 5 21
3-4 5 11 5 5 5 II 16 16 26
45 5 11 5 Ii 5 16 ii 5 5 26
5-6 5 11 . Ii ii 5 11 11 Ii .26
6-7 . 5 5 5 5 11 5 5 5 Ii 16 21
7-8

.
. 5 16 5 5 it 5 5 16 5 26

8-9 5 3 5 5 5 5 ii 5 11 5 13 26
9-10 5 5 5 5 5 5 Ii Ii 5 5 5 Ii 11 ii
10-li 5 16 11 5 5 16 5 11 ii 5 S 5
11-12 5 Ii 5 16 LI 11 11 16 5 5 5
12-13 5 11 5 ii 5 5 11 26 Ii 5 5
13-14 It 5 5 16 Ii 21 11 5 5 11
14-15 5 11 5 16 5 16 11 16 5 5 5
15-16 5 11 5 5 5 16 11 11 16 S 11
16-17 5 5 5 5 5 5 5 16 16 5 5 5.
17-18 5 5 5 5 5 11 16 21 11 5 5 5
18-19 5 5 5 5 5 16 16 5 ii 11 16
19-20 5 5 Li 16 II 16 5 ii Ii 16
20-21 5 5 5 5 11 11 21 5 16 26
21-22 5 11 5 16 ii 11 26
22-23 11 5 5 16 Ii 5 11 5 32
23-24 11 5 5 5 11 5 11 ii 5 32

Daily
Average 0 0 1.8 2.6 4.2 2.9 6.6 5.1 1.8 4.6 5.5 4.4 4.0 8.8 7.3 6.8 6.6 6.6 5.1 15.7

I I I I .1 .1 .t



indiciated by the tabulation of high and low temperature and RH, there was little

difference between December and Jonuary in temperature but there was a definite

Increase in RH in January over December. This increase could account for a

decrease In the strength of inversions in January and some improvement in

V downwind odor conditions.

DOWNWIND ODOR: LOCATIONS, OCCURRENCES AND CONCENTRATIONS

Downwind odor monitoring was carried out in two three-week intervals. The

first period began on December I and ended on December 19, 1980. The second

period began on January 5, 1981 and ended on January 23, 1981. Monitoring was

completed over two separate intervals in order to determine whether 'any

improvement had been made. Monitoring took place between approximately 3:00 pm

to 11:00 pm on Monday thru Friday. This monitoring period was chosen because it

¯ was historically the time when the greatest number of odor complaints occurred.

Measured odor concentrations for both complaint responses and general

surveillance of the neighborhoods are presented on Table 19. Table 19 also includes

the results of the simultaneous paired tracer results and an indication of the

prevailing micrometeorology at the time of the measurement. Odor concentrations

measured in response to complaints ranged from concentrations too low to be

measurable by the DRO but yet detectable to the nose to odor concentrations up to

50 ou/cf. Most measurable concentrations ranged between Li to 10 ou/cf, with a

median concentration of 6 cu/cf.

V

¯ Whereas an odor concentration at its MOTOC is by definition detectable, it is
¯ usudily not sufficient to result in odor complaints. Previous studies have established

that odor concentrations In excess of 5 ou/cf are easily detectable and can result in

odoi1 complaints. An odor concentratIon of 5 ou/cf has been determined to be the

threshold complaint level. As odor concentrations increase to

F
-91-



¯ PAIRED ODOR AND

TABLE 19

TRACER CONCENTRATION MEASUREMENTS

¯ Odor ST a (1 &T U 0 Tenp Tracer

Date Tine Malloteneut Location
oec.

(o..icfl
coe.

(ppM) (It) (ftSl2lisln)
Odor

(tO6oufaI) COy) (aph) (op) (Op)
tocatiaa

1212 21:20 Mirlena 8 Cogile. 3 1.0 -- -- 27 0.0 -- --

12/2 21:20 ItirIsna I uogale. S ¯ 0.12 - - 228 -- -- --- - -

12/2 21*44 300 ft. V. of Sogale. 8 1.7 - - 26 - -

12/I. 21:23 *930 Cusbirlaad 0 0.04
.

5400 1.86z106 - 0.0 -- -- - -

*2/4 21*35 2704 Mirar4a 0 0.08 1700 1.66*10' - -0.5 - - -- - 1-12
*2/5 21:55 hugs Craig 8soth DIII. 2 0 5000 - - 0.0 1.0 140 51 70 1-12
I2F8 *8:22 231.9 Lynn Ct. 2 0 2500 - - 4.5 0.00 340 54 57 1-12
12/8 *3:48 Hella.. & Marcolla 4 0.087 1400 1.63*106 377 2.0 0.00 340 50 65 8-12
1211 *9:00 **ary 8 Harl.na *0 0.12 1800 1.08*106 456 0.7 0.5 2*0 50 65
12/8 21:30 End of 009115. 4 0.04 1400 3.66106 547 0.7 1.0 175 52 62 *1-Il
12F8 22*10 Mogal.. Marlene 6 0.044 1800 2.93xIO 71.6 1.5 0.5 260 50 62 *12
*2/8 22:25 &ar Puso Mar18. 2 0 2200 -- - 1.5 0.3 260 50 62 *12
12/9 18*00 Paaeo Tepic 0 0.18 4200 4.69105 - 4.9 0.00 288 50 8-3
12/9 18.24 226 Marlene 0' 0.13 3200 7.44I0 - 4. 0.00 288 48 30 8-3
12/9 1S:30 Marl.aa/6001t. V of 00galee 3 0 3100 - - 2.7 0.00 288 48 50 - 8-3
l21 *8:36 8. n1 LorraIne 0' 0 3800 -- - 2.7 0.00 258 48 50 8-3
12/9 18:47 8.ar 0 Mary 6 0.23 3600 3.65x10 *31 2.7 0.00 280 50 65 8-3
1219 20:35 2550 Marten, 6 0.095 3200 1.02306 346 3.0 0.00 315 49 *1-3
*2/9 20:40 2611 Marten. 4 0 320(1 - - 3.0 0.00 3*3 49 8-3
*2/9 21:27 2502 Mary Ct. 8* 0 3500 - -- 1.4 0.00 315 44 8-3

12/10 *6:15 Mogalea 9 Maclen. 10 4.0 1100 4.13x104 14 - 0.5 333 o 32 U-IS
*2/10 20:25 End of Lynn CL. *0 0.75 ¯ 2500 1.1.6105 73 2.5 97 61 40 0-IS
12/10 20:40 End of logalea 3 0 800 -- -

¯

- 2.3 60 1.0 0-25
12/10 22:20 Lynn CL. P Danett. 4' 0.3 2600 3.58105 73 --- 1.5 75 0-15
12/lI 17:30 2724 MIranda 8' 0 1200 -- - - 0.00 279
12/Il 17:42 MarTens I Mary Ct. $ 2.4 *000 7.21104 IS - 0.00 279 515
12/Il 20.40 End of Lynn Ct. *0' 0 21.00 -- --- - 2.0 140 - -

12111 20:47 Ifanette/bet. Lynn & banns 'a 0 2900 -- - - 2.0 140 - -- s-Is
12/Il 21:32 2550 MacLeo, 10' 1.2 1100 l.38I0 46 - 0.00 27 --

- Cneplalnc response.

Continued on next page
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_____ TABLE19(Cont.)
-

____

¯
- PAIRED ODOR AND TRACER CONCENTRATION MEASUREMENTS

0Jor u(Y)1I2 Q Ar u El Te.p LII Tracer

Data Tine Maus.ronc.t Location
Conc.

(Quid)
Conc.
(ppb) (it) (ttS/2/.Jr*)

doc
(10 ou/.io) (°F) (aph) (0$) (0y) (2)

Location

12/11 22:35 Marlans & Mary 1 3.6 1000 4.iIi04 23 -- 0.00 279 - -

12112 18:12 Lynn Ct. T.wnarouud 6 - 2000 - - -- 0.00 cal. -- -- J-12
12/12 18:38 2613 Paa.ea OILy,, 8' - 2300 - -- -- 0.00 cal. - - i-12
12112 20:20 Lyon CL. Turogrouod 4 0 2000 - - - 2.0 36 - - .1-12
12/12 20*46 Manatta 8 Lisa 6 0.027 2700 3.9z106 1216 --- 0.00 cal. - --- .1-12
12/12 20:50 U. Uanattte Ti*raroua4 6 0.27 2400 4.14,10k 122 --- 0.00 cal. - -- .1-12
12/12 21:40 Lynn Ct. Turnaround 3 0.056 2000 2.19,106 293 -- 3.0 55 - - J-12
12/IS 18:35 MIranda & Karcaila 0 2500 - --- 0.00 cal. - --- F-13
12/16 17*34 Lynn CL. Turnaround 5 - 1100 - - - 0.00 cal. 70 - 38
*2/16 18:45 Lynn CL. Turnaround 5 0.07 1100 1.52,106 391 - 0.00 cal. 67 36 F-IS
12/16 20:00 flo&aigs 0 Mar 4. 0.05 2100 l.54,1O 43* 0.00 cal. ¯53 45 p-Is
12/16 20*10 Marceila $ MalI.., 7 0 2300 - - - 0.00 cal. 65 40
12/16 20*28 2611 MarIe.. 7 0 3000 I.S4,10 43$ - 0.00 cal. 83 56 F-IS

.1 12/16 21: IS Lean.. 0 Lorr.I 6 0 1600 - -- - 0.00 cal. 62 55. F-IS
12/17 17:25 Lynn Ct. * $aoaetl. - 1400 - - - 0.00 cal. 64 -- F-IS
12/17 18:17 2606 Pain Olivaa 4b 0 1900 - -- - 0.01) cal. 60 67 F-IS
12/17 18:30 Bogalea 0 last 3O 0 2100 - - - 0.00 caIn 5.8 6.8 F-IS
12/17 18:52 2626 IlarIena 30 0 3000 - 0.00 cal. 59 68 F-IS
12/17 19:15 H,rlena & Mary Ct. 501) 0 1900 - - - 0.00 caIn 57 76 F-IS
12/17 20:59 2611 Mary CL. 15 0.025 2000 3.16,106 3284 - 0.00 cal. 32 v-Is
12/Il 21* 12 2704 Mlraoda 31)1) 0.011 3600 5.35,106 14928 -- 0.00 cal. p -IS
12/Il 21*34 Matle.. 0 Harcella 301) 0.04 2400 1.80,106 4105 0.00 cal. 3 94 P-IS
12/17 22:00 Miranda 0 Marcell. 30b 0 2200 -_ - -- 0.00 cal. 100 F-IS
12118 17*47 Marc.ll.'& Miranda 10 0 19011 -- --- ¯--- 2.0 230 ss 82 0-16
I/S 18:10 2349 Lyon CL. 6 0.08 3300 - - -- 0.00 cal. 60 39 11-3
1/5 21*00 2526 NarIta. 7 0.05 3100 -- - --- 0.00 cal. 62 50 11-3
1/6 18:25 Marlena & Marcell. 4 0 1600 - - +2.0 0.00 cal. 66 36 11-12
1/9 18:00 2724 Mell.aa 6 -- 2100 - - +2.0 0.00 cal. 64 37 1-17
119 18:15 Miranda 6 Marc.11a ID - 1700 - - .2.0 0.00 cal. 62 44
1/13 20*20 Miraoda (.14-street) 6 0.1 ¯ 1000 t.i,i6 - +0.5 0.00 calm 53 89
1/20 20:25 2526 Marlrna 2 0 2000 - - +0.3 0.00 cal. 50 100
1/20 20:38 2 1.5 2200 5.0,104 -- +0.4 0.00 cal. 52 100
1/20 21:10 0 0.32 2500 2.2.I0 -- .0.9 1.0 27 53 100

'Co.plalnt ruapaao.
b8r3ke0 as lion report*d by LXL.

Mote; QSF4 155 cc/nm on 12/2 to 12/12, 100 cc/nm 12/15 to 1/19.
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10 oulcf, the psychological stress caused by the distracting effect of the odor's

presence will consistently result In the occurrence of odor complaints. A

concentration of 10 oulcf has been identified as the odor complaint concentration.

The concentrations, of odors measured in the neighborhoods surrounding the

BKK Landfill have fallen within the range that would be expected to result in odor

complaints. it should be noted, however, that the elusive nature of odors sometimes

prevents confirmation of an odor complaint condition Just minutes after a complaint

is logged.

During the course of the odor study, several observations were made regarding

occurrences of detectable odors. The first was that odors tended to concentrate or

collect in, low, cold air spots. One such area WOS in the vicinity of Amar and

Nogales. The second was that the odors were elusive. The majority of odor

complaints occurred during evening hours when the air was very still and stable.

During this time sudden and dramatic changes in wind direction occurred which

rrjoved odors about or completely dispersed them within a few minutes.

A summary of the number of odor complaints received versus day of the month

has been presented on Table 20. Most complaints originated from the M street area

of West Covina. Some complaints occurred from the L street area. Only a very

small 'number of complaints occurred north and west of the landfill. The M street

area accounted for 2/3rds of all confirmed and measureable odor concentrations.

The L street area accounted for 22% of confirmed and meosureable odor

concentrations.

The number of complaints received per day during the monitoring period ranged

from a high¯ of 25 to a low of zero. Complaints averaged 10.4 per night for

-94-
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Eur8 TABLE 20
¯ ODOR COMPLAINT HOT LINE SUMMARY

Ho. of No. of No. of Range of Area or
- _________- - ________

Cp1aLnt. tcipouses Odor Odor Coon. Cop11ats
Date Neaaurents (on/cl) Comt,

12/1/80 25 5 5 3-10 "V' & "N"
2 7 1 2 5-8 "H"
3 0 0 0 -- - Rain
4 3 2 2 none detected "I." 6 "N",

cenbertand
5 1 1 2 1 SouthilillDr.

8 11 7 6 2-10 "1." & "H"
9 16 8 5 3-7.5 "1." & "H"

10 12 6 4 4-10 "L" & "II"
11 11 7 6 6-15 "1." & "H"
12 14 9 6 3-8 "I. 6 "H"

15 10 1 1 6 "I." I "N"
16 13 11 6 4-7 "I." I "U"
17 19 14 9 6-50 "1." & "N" Gas line broken
18 i 1 1 10
19 13

-
2 0 -- "V' "N"

Subtotal 156 75 54

1/5/81 6 6 2 6-7 "1." & "H,
Ridden Valley

6 1 1 2 0-6 "H"
7 4 3 1 none detected "I" & "N"
8 6 3 0 - "H"
9 7 1 2 6-10 "K"

12 3 2 0 none detected Sj,N

13 9 4 1 6 "1." 6 "H"
14 - - - - - Radio eounictton out of

order
IS - - - - - Radio cojnicatlon out of

order
16 2 0 0 -- "I." & "K" Odor cr doing SOER

aeasureunot a

19 25 0 0 -- "1." & "fl" Gas drilling, odor crew
doing SOER aeasurennota

20 16 6 2 2 "1." 6 "H"
21 6 0 0 -- "1." & "H" Odor crew doing SOER

easurnots
¯ 22 1 1 0 2 "1." Rain

23 1 1 0
¯

2 "H"

Subtotal 85 28 10

0
(Ti



the December study period vs. 6.5 per night for the January study period. In

December responses were made on 1i8% of the complaints white in January responses

were made on 33% of the complaints. A total of 54 downwind odor measurements

were made in December vs. tO downwind odor measurements in January.

The total number of complaints received during the on-site EUTEK study during

January was significantly less than received during December (85 vs. 156).

Furthermore, 72% of complaints in which responses were made were confirmed with

measurable odors in December while 36% were confirmed with measurable odors in

January. On a normalized basis, approximately 3.6 odor measurements with

concentrations greater than 2 ou/cf were completed per study night in December

compared to approximately 10 measurements per study night in January. In both

December and January (excluding abnormal odor concentrations resulting from

occident) the median downwind odor concentration was approximately 6 ou/cf.

The fact that fewer confirmed complaints occurred in January than in

December could be due to one or more of the following:

I. Changes in micrometeorology.

2. Changes in dispersion.

3. Odor control measures implemented by BKK.

The following sections will discuss the probable impact that each of the above

factors have had on downwind odor concentrations in December vs. January.

Micrometeoroloqy

An analysis of the six micrometeoro logical parameters was completed in order

to determine changes that occurred between December and January which could in

part explain differences in the frequency of downwind detectable odors.
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It shuId be noted that micrometeorology Is never the same, even from moment to

moment. Comparisons can, be mode based on averages and significant changes in

frequency distributions.

Wind Speed. The frequency of calms remained approxmotely the same during

¯ the ,nonths of December and January (Tables 5-8). Both the total time in which

calms prevailed and in the number of days in which calms occurred were similar.

Thus it does not appear that wind speed can account for the changes noted.

Wind Direction. As shown on FIgures 13. and 14 the wind direction distribution

was different in December than it was in January. The true wind movement

direction could not be recorded during calm periods. Because calms generally

prevail during recorded odor.complaints, the wind direction distribution during other

thancaim periods may not be an Important factor.

iT. Becojse a change in Instrumentation was made between December and

January it. was not possible to accurately determine the impact of this parameter on

downwind odor conditions, If there were a reduction in the frequency and severity

of grOund level inversions this could in part explain the reduction in the number of

confirmed and measurable odor conditions.

Net Radiation. Little change appeared to have occurred in nighttime net

radktion between December and January (Tables II and 12). However, small, changes

v in this parameter may have occurred and were not detected due to resolution limits

of the instrument. .
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Temperature. The temperature frequency distribution and minimum and

maximum values were on the overage the same during December 'and January

(Tables 13-16). Thus temperature cannot account for the changes noted.

RH. RH was on the average higher In January than in December. RH is

important In the heat balance of the earths surface. The strongest Inversions occur

with low RH. The fact that RH was higher in January could In part explain some

decrease in downwind odor conditions because inversion strength may not have been

as great. RH was the only recorded meteorological parameter that showed

significant change between December and January.

Dispersion

Downwind tracer concentration profiles were measured in December and

January. These results, expressed in terms of the apparent PT diffusivity for the

peak concentration, have been plotted on FIgure 18. No significant changes in

dispersion occurred between the two months. The observed reduction in downwind

odor concentrations does not appear to be explained by Increases in dispersion in

January relatIve to December.

i

Odor Control Measures

Actions taken by the BKK Corporation which may have had on affect on the

total number of occurrences In downwind odor concentrations included the following:

I. Shut down of the acid disposal wells.

2. Elimination or rejections of odorous waste loads.

3. PlacIng of additional fill and grooming of slopes.

4. Expansion of gas recovery system.
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Acid Well Shutdown. Shutdown of the acid wells occurred prior to initiation of

the odor study field work on December I, 1980. The reduction In number of odor

complaints in January over December could be explained in port by this action if the

acid wells were a major source of odors and if the response time to the shutdown of

the acid wells was on the order of approximately one month.

Rejection of Odorous Materials. The rejection of odorous loads was initiated

prior to December I, 1980. This action may have had an effect on the number of

recorded complaints during the months of December and January.

Additional Cover. The placement of additional fill and subsequent grooming of

slopes may hove reducted the total site odor emissions. Grooming of the slopes

would temporarily repair surface and settlement cracks which would prevent the

direct escape of landfill gas. Fresh unsaturated soil has limited capacity for

odsorption of odors. Once the adsorption capacity is utilized however, it would be

expected that the high level of odor emissions could resume. The placement of fill

and grooming of slopes occurred throughout the study period.

¯ Gas Recovery. Seven additional gas recovery wells were placed in operation on

January 1981. This occurred mid-way through the January evaluation.

Additional gas recovery may have reduced site odor emissions after January lL&.

Surface monitoring In the vicinity of the gas wells indicated a temporary decrease in

the unit area surface odor emission rate (SOER).
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A decrease in the number of confirmed and measurable downwind odor

concentrations occurred between December and January. Based on comparisons of

the pertinent parameters it appeared that the decrease could be explained by a

reduction in site odor emissions and by changes in micrometeorology. The reduction

in site odor emissions was probably due to the combination of odor control measures

implemented by BKK Corporation. The only significant monitored change in

micrometeorology was RH. RH was higher on the average in January than it was in

December. This could account for a reduction in the frequency and intensity of

ground level inversions which would reduce the frequency and severity of downwind

odor conditions.

SITE ODOR EMISSION RATE

The apparent site odor emission rate was determined utilizing simultaneously

paired downwind tracer and odor concentration measurements. Results hove been

summarized on Table 19. if the tracer were placed at the same location as the

source of odors, then the apparent site odor emission rate could be computed with

knowledge of the tracer emission rate, downwind tracer concentration, and

downwind odor concentration using procedures out lined in Chapter IV.

A frequency distribution of the apparent site odor emission rate Is presented on

Figure 19. The paired tracer and odor concentration measurements were utilized to

colci!,late the apparent diffusivity (K'(Y)). A frequency distribution of the

apparent diffusivity is presented in FIgure 20.
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Independent measurements of peak downwind tracer concentrations were made

to determine the PT diffusivity. The results of these independent peak

measurements have been summarized on Table 21 and Figure 21. A frequency

distribution of the apparent diffusivity as determined from the paired odor ond 'S

tracer measurements has been compared with the independent peak tracer

measurements on Figure 22. The distributions do not coincide because the tracer

concentration sampled with the odor measurements does not generally represent the

peak tracer concentration. This could hove occurred because the tracer and source

odor locations did not exactly coincide. The net result of this phenomenon is that

the apparent site odor emission rate was artifically high. To obtain an adjusted

total site odor emission ¯the ratios of the apparent diffusivity of the paired

measurements relative to the diffusivity of the peak tracer measurements for the

10th, 50th, and 90th percentile values were multiplied times the apparent odor

emission rates at the corresponding percentiles, respectively. The resulting

frequency distribution of the adjusted total site odor emissions is presented on

Figure 23. The median level of December odor emissions for the BKK site was

approximately z x 106 cu/mm.

Because' of changes in site conditions it was not possible to measure the site

odor emission rate for January as was done above. Comparisons were made to the

"equivalent" site odor emission reduction. The equivalent reduction includes both

the effect of site odor emission reductions and changes in micrometeorology. In

December there were measurable odors on an average of 72% of responses to
'S

complaints with a median downwind odor concentration of 6 cu/cf. A total of 156

complaints were filed during December during the EUTEK evaluation.

,1
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TABLE 21

__________ - - - - -
I?EAK_TRACER_CONCEMTRATINS., FROM.CROSSWIND TRAVERSES . -

Peak x
-

u e AT T RB Tracer
Date Time Measurement Location (ppb) (ft) (1t512/min) ' (mph) (°N) (°P) (OF) CX) Location

12/4 19:06 End of Lorraine 0.25 2100 4.7810 - -- -0.1 -- --- K-12
12/5 22:00 Myra & Noga1ea 4.6 1550 3.02x104 2.0 67 0.2 54 75 K-12
12/8 21:43 Mar Ridgevood 0.38 3750 2.35x105 1.0 175 0.7 50 64 11-12

12/10 18:12 Mary Cc. 8 Marlena 4.5 1000 3.85x104 0.00 2 - 58 46 11-15
12/11 17:37 200' E. of Mary Ct. on . Il-IS

Marlena 4.4 1000 3.93x104 0.00 279 -- --

12/11 21:42 200 ft. E. of Mary Ce.. N-IS
on Marlena 3.0 1000 5.77x104 0.00 27 - -- --

12/12 . 20:36 100 ft. K. of Mary Ct. .
.

.

J-12
on Marlena ., 0.50 1800 2.58x105 1.0 55 - 56 50

12/15 21:40 zuaz � Mar 0.24 4400 2.22x105 3.0 85 --- 65. 44 F-L3
12/17 21:45 Mar Mogale. 0.054 2100 1.43106 0.0 . C --- 50 84 F-15
12/19 21:46 200' S. of BEE Entrance 0-14

on Aznaa 1.39 3700 4.2x104 5.0 70 - 60 48
1/5 20:46 200' N. of Azusa 6 Mar 0.22 6200 2.04x105 2.5 45 --- 64 23 11-3
1/6 18:45 Miranda 200' K. of .

. H-12
Marcella 0.085 1200 1.2x106 0.0 C 2.0 60 2

1/6 22:35 Azuaa 100' 8. of Carl. Jr. 0.14 5500 3.40x105 5.0 35 0.0 61 23 11-12
1/7 21:20 100' N. of Carl. Jr. on 0.16. 5400 3.00x105 0.0 C 0.0 48 81 11-12

Azuaa
1/8 18:50 Mar 8 Eidge%iood 0.12 4000 4.65x105 0.0 C 1.0 52 68 11-12

1/8 21:44 Mar 8 Temple 1.6 4500 3.3x10 1.5 40 .5 49 78 11-12

1/8 18:39 Mass 8 Jack in the Box 0.62 5500 7.61O 0.0 C 1.0 53 68 11-12

1/8 21:53 Azusa Carla Jr. -
0.56 5400 8.6x104 1.5 40 .5 50 72 PI -12

1/9 20:42 Mar �Woodgate 0.30 3500 1.99x105 1.5 270 3.0 - -- 1-17

1/12 21:08 200' N. of BEE on Azusa 0.34 5800 1.36x105 5.0 . 55 .4 - --- (1-li

1/12 22:00 100' N. of Shadow Oak on 1.32 3700 4.4x104 2.5 18 .2 -- 0-Il

Mar
1/13 20:15 Miranda (mid-street) 0.40 1000 2.8x105 0.0 C 0.5 49 87 0-11

1/13 20:27 Mar 8 IJoodgate 3.4 2000 2.3x104 0.0 . C 0.5 53 84 011
1/14 20:00 Marlena 8 Hogales 1.1 1700 7.8x104 0.0 C 1.0 53 84 0-11

Notes Q 155 cc/am .12/4 to 12/12, Q 100 cc/ala . 12/15 - 1/14.
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In contrast, January yielded measurable odors on an average of 36% of responses to

complaints with a median downwind âdor concentration of 6 ou/cf. A total of 85.

complaints were filed during January during the EUTEK 'evaluation. Thus, the

"equivalentt' reduction in site odor emissions in January relative to December would

be:

0 Jan (% Positive Responses)(ou/cf)(complaints)

Dec = (% Positive Responses)(ou/cf)(complaints) Dec

-

027
.

Thus, approximately, the apparent equivalent site odor emission % reduction
would be,

Q JanApparent Reduction in 0 (%) = I - ,-- x IOU
I "'Dec

= 73%

PROBABLE SOURCES OF LANDFILL ODORS

The generic source of odors from the BKK Class I Landfill are solid and liquid

wastes which have been placed in the landfill since the start of its operations in

1962. SolId and liquid wastes are hauled to the landfill on a daily basis and are

placed and compacted in a relatively small area termed the working face. This

- working face is exposed to the open air between approximately 6 a.m. and 6 p.m. A

6 to 12 inch vertical compacted soil cover is placed over the working face at the end

¯ of ech day. The working face Is typically covered by approximately 6 p.m. each

- day. Thus, the solid and liquid waste in the working face are exposed to the air for a

maximum of 12 hours each day.
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The procedures employed at the BKK Landfill are In accord with industry

standards. Inspection officers from the State Solid Wastes Management Board hove

reported that the BKK site is operated in an exemplary manner (5).

Solid and liquid waste begin decomposition immediately through microbiological

activity. The rate of decomposition depends on the organic and moisture content of

the waste. Decomposition occurs initially aerobically (with oxygen). Once oxygen is

depleted decomposition will occur anaerobically. Decomposition of the waste

produces gases including carbon dioxide, methane, and other decomposition

products. The gas produced by the decomposing solid and liquid waste Is sufficient

to develop a positive static pressure relative to atmospheric pressure. The

differential pressure forces the migration of the gas along the path of least

resistance through the soil to the atmosphere. Landfill gas will escape most readily

through settlement cracks and fissures of the earth cover of the waste. Any point

within the landfill which allows the escape of gas is a source of odors.

The positive gas pressure within a landfill can be relieved to some extent

through placement of gas recovery wells within the landfill and evacuating gas from

these wells utilizing a centrifugal blower. The wells are maintained at a slightly

negative pressure relative¯ to atmospheric pressure. Migrating landfill gases are

preferentially carried to the wells due to the greater pressure differential.

The recovered gas is normally "flared" by mixing it with air and combusting the

mixture, If the temperature of combustion is high enough, odorants in the gas are

thoroughly oxidized to odorless products. incomplete combustion will occur at lower

temperatures resulting in partial oxidation of odorants. Under these circumstances

odors con occur from the gas recovery burners.
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To prevent a gas recovery system from becoming a major source of odors,

certair conditions must be met. Measures should be taken while gas wells are being

drilled to prevent the escape of gas to the atmosphere. Alarm systems should be

installed and operated to notify personnel immediately of breaks in pipelines or of

lnadeLate combustion conditions.

Measurements were completed in order to determine the nature and potential

significance of the working face, gas migration, and gas recovery system in
¯

producing detectable odors downwind of th. BKK Landfill. Surface odor emission

rate (SOER) measurements were completed at several locations within the Landfill.

Results of these measurements are presented on Table 22. Unit area SOER varied

¯ from Li to 3500 ou/min/sf. The unit area SOER varied in one case by a factor of 50

w1th1r4 a distance of only 15 ft. The strength of the unit area SOER was dependent

upon the presence or absence of surface fissures or cracks. Where cracks were

presert, very high readings were obtained. If the surface cover was fresh and

contained no direct escape routes for gas, readings were relatively low. The results

of the SOER measurements indicate the spotty nature of odor emissions from the

Iañdfll. It would appear that a number of "hotspots" occur at various locations

thro,Jghout the landfill, however, at any one "hotspot" location the SOER varies with

time. These "hotspot" locations change continually as new wastes are deposited in

the landfill and as grooming and landfil' placement occurs.

eveal ambient odor measurements were completed within the landfill in order

to determine the effect of the working face on ambient odors. The results of the

¯ lcndill anblent odor measurements are presented on Table 23. The highest ambient

odor conentration within the landfill was measured on the working face. The

¯ working face had on odor concentration of 15 au/cf. This was not significantly

highr than concentration of odors measured in downwind neighborhoods. There was

infrequent occurrence of detectable working face odors during evening hours due to

placement of the final earth cover at the end of each day.
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TABLE 22

SURFACE ODOR EMISSION RATE MEASUR4ENTS

¯ SOER
Date ¯Time Location (ou/niin/sf) Comineits

12/19 16:30 Upper deck - South Slope 3500 Gas

12/19 16:35 Upper deck - South Slope 70 15' from 16:30 uieasuraent

12/19 16:50 East Terraces 70 Over surface crack

12/19 16:55 East Terraces 35 Over surface crack

12/19 17:00 East Terraces 10

12/19 17:05 East Terraces 210

12/19 17:25 Winter Dump Area on Road 4

12/19 17:30 Winter Dump Area on Road 4

I-.
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____TABLE23
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LANDFILL AMBIENT ODOR MEAS1JR4ENTS

I-.

Odor u 0 T AT RH
Date Time Location (ou/cf) (mph) (°N) (°F) (°F) (Z) Comments

12/9 16:35 South finished slope 10 0 calm 57 3.0 45 Garbage mint odor

12/9 17:00 Working face 15 0 calm 58 1.6 52 Closing face

12/9 17:15 Nenr gas burners 10 0 calm 57 1.6 53

12/9 17:30 Top deck @ WS-3 3 2 270 52 1.1 53

12/10 16:15 South finished elope 2 4-6 NW 70 - 33 Garbage

12/10 16:40 Top deck @WS-3 6 4 W/NW 68 - 40

12/10 16:50 Working face 8 5-7 NW 65 - 41 Mint/garbage

12/10 17:00 Near gas burners 8 0 calm 66 - 42 Garbage/gas



Landfill gas within the gas recovery system can be a major source of odors. As

Indicated on Table 21e, unburned landfill gas had odor concentrations of between

100,000 and 500,000 ou/cf. After mixing with air and combustion, the exhaust odor

concentrations ranged from 75 to 150 ou/cf. The gas burner exhaust constituted a

minor source of odor relative to the potential odor of migrating raw landfill gas with

odor concentrations ranging from 100,000 to 500,000 au/cf.

The composition of recovered landfill gas was determined. The results have

been summarized on Table 25. The high odor concentration is accàunted for by a

complex mixture of odorants including hydrogen sulfide, dimethyl sulfide, diethyl

sulfide, chlorinated hydrocarbons, and over IS other low molecular weight

hydrocarbons. Reduced sulfur compounds appear to be primarily responsible for the

high odor concentration due to their low odor thresholds. Other hydrocarbons

present are odorous but they do not account for much odor because of significantly

higher thresholds.

Two separate samples of landfill gas were analyzed. Although the composition

of their major components (CH4, C02, N2 and Oz) were similar, the

composition of the minor components showed an order of magnitude difference.

Part of this difference could be due to sampling techniques. Although most

compounds showed up in both samples there were a number of compounds unique to

a sample. There may be significant time and space variation in the gas composition

and thus significant changes in the gas odor concentration The high nitrogen

content of the landfill gas indicated that significant air leakage occurred in the gas

collection system. Methane content Is usually approximately 40% wIth nitrogen

accounting for less than 20%.

Samples of displaced air from the Cyanide and Nitric I-IF disposal wells were

analyzed to determine their composition. Far fewer compounds were found than

were found in the landfill gas (Table 25). Several compounds not appearing in the
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GAS BURNER ODOR REDUCTION EFFICIENCY

Odor Concentration (ou/cf) H2S Concentration (ppm)

Date Time Landfill Gas Gas Burner Exhaust Landfill Ga8 Gas Burner Exhaust

12/10 -- --- 75

12/11 22:35 -- 150 --

12/15 22:45 -- 100 ---

12/16 22:00 - 100 0

12/17 22:00 500,000 --- 10

12/19 1:30 100,000 100 --
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¯rglraorg TABLE 25

CC ANALYSIS OF GAS SAMPLES
(ppn unless noced)

Sinple
Landfi 11

Surface Nitric Cyanide Landfill Gas Gas Burner
Compound Spl. Well Well Sanpie 6 Sauple 3 Exhaust

methane 18.62 20.0%
carbon dioxide 20.9% 21.92
nitrogen 48.2% 45.2%
oxygen 9.67. 9.4%
argon 0.5% 0.5
other hydrocarbons 2.2% 1.27.
chl.oroethene 140 1200 100
chioroethane 230 10
dichioromethane 1200 1500 50
dimethyl suLfide5 600 -

2-proponal 250 20
1-1 dichioroethene 1200 100
1-1 dichioroethane 100 20 5000 500
1-2 dichloroethene 70 800 50
1-2 dichioroothane 500 50 20 5000 500 20
2-butanol -- 250 10
cyclohexane -- 250 20
metbylcyclopontan. 60 500 leO
2-3 d,thylbutane 500 30
trichloroeehene 80 20 1000 50
benzene 120 20 10 2000 130
hexane 80 500 250
1-3 dimethyltranscyclcpentane 90 750
diethytsulfide 250 -

methylathylsulfide 50
methylcyclohoxane 170 10 1250 100
2-2 dimethylpentane 500 30
2-3 dimethylpentane 80 750
C8H16 100 750
tatracholorethene 10 1500 100
toluene 500 40 20 3500 300 10
1-2-3 trimethylcyclohexane . 500 -

chiorobeneene 500 40
2-5- dmethythexane

S
500 -

4-ethyl 2 methyihexane 500 --

octane 500
1-1 erichioroethane 150
1,1,2 trichioroethane 10 10 3
methyl sulfide -- 10
1,2 dimethytcyclopentane -- 40
2,2,3 trimethyihexane --- 40
un,at. hydrocarbon -- 50
C9820 -- 10
2-4 dimethyihexane --- 30
2 propanone 100
2 methylbutane 30
2,2,3,3, tetramothylbutane 100
dibutyle.tarothanedioicacid
4 methyl 1 hexanot 10
3,5,5 trimathyl, 1 hexone 0.5
1,1,1, trichloroothane 0 30 10
1,1 dimsthylcyclopentane 10
Total reduced sulfur as R2S 40.3 165 255 134 71.3 298

1lncludes morcaptans, if present



landfill gas samples appeared in the disposal well displaced air sample. The trace

composition of many compounds in the landfill gas was apparently influenced by the

composition of liquid and solid wastes disposed at the site of gas generation.

Samples of exhaust from the gas recovery burners were also analyzed (Table

25). Only 'four trace gases were found. The concentrations were significantly lower

than those found in the raw gas. The combustion efficiency appeared to be very

good with the exception of total reduced sulfur compounds. The reason for the

finding of high reduced sulfur compounds in the exhaust has not been explained.

The final gas analysis was completed on a sample of air obtained by isolating an

odorous "hot spot" on the landfill surface with a hood. Soil filtration apparently

reduced the total number of compounds but some compounds were not significantly

affected by soil filtration. The soil was effective in removing reduced sulfur

compunds.' Elimination of reduced sulfur compounds would be consistent with a

reduction in odor concentrations.

The landfill SOER measurements (Table 22) indicated that significant odor

reduc1tion occurs as the gas migrates through the soil. The BKK Corporation

estlmQted that approximately 6,600 cfm of landfill gas was continuously generated

during the study period. The gas recovery system had a capacity to recover 2,200

cfm. Thus, approximately 4,Li00 cfm of the gas was migrating through the soil cover

of the landfill.

'

,

Gas that escapes 'the gas recovery system either through migration along the

gas wells or gas pipelines passes into the atmosphere without benefit of soil

filtration and thus can constitute a major source of odors. On at least one occasion

during the study, equipment at the landfill broke a gas line which allowed the direct

venting of landfill gas into the atmosphere. This accident resulted in the highest

downrind odor concentrations measured during the study.
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In conclusion, under normal operating conditions, it appeared that the migration

of gas to the surface of the landfill constituted the major source of detectable

downwind odors. The escape of the gas was spotty and highly variable. The location

of odor thotspotstt appeared to change very quickly. If a hotspot surface crack was

repaired by placement of additional cover the odor concentration was reduced but,

presumeably, the gas found a new path of least resistance for escape Into the

atmosphere.

PRIMARY EXPLANATION FOR ODOR PROBLEMS

The odor problems experienced at. the BKK Landfill could result from the

combination of a number of different factors including the following:

I. High site odor emission rates.

2. Close proximity of residences.

3. Downslope drainage of cool air during calm conditions.

L. Working face odors.

The working face is typically closed at 6 p.m. and cannot account for the large

number of complaints that occurred in the late evening hours. Working face odors

may account for some day4ime odor complaints however they did not appear to be

the major problem. .

The remaining three factors, downslope drainage, high site odor emission rates,

and close proximity of residences provide the primary explanation for the BKK

Landfill odor problems. The BKK Landfill is located uphill from surrounding

residences. Homes in the M Street area are located immediately adjacent to

finished slopes of the landfill from which gas migration can occur. .
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Calm conditions prevail on approximately 90% of the evenings. The presence of

a nigittIme calm condition can result in an inversion because of cooling from.

below. The relatively cool air near the ground surface drains dowrtslope picking up

surface emissions of landfill gas.

The downslope drainage phenomena was documented visually in Plates 19 and

20. A smoke candle was lit on the top deck as shown in Plate 19. The smoke was

initially warm but as it áooled it spread out laterally and crept close to the ground.

- The smoke continued to move across the flat portion of the top deck and on down

the slope as shown in Plate 20. The smoke was observed to continue moving in a

downhill direction despite the calm condition. These extremely stable conditions

- which were frequently observed to occur at the BKK site prevent the dispersion of

collected odors and result in high downwind odor concentrations. a

Mitigation measures must be designed to counteract the mechanism which
S

results in the severe downwind odor conditions. Given that downwind distances to

residential areas cannot be changed, mitigation must necessarily focus on reductions

in site odor emissions and modifications to site micrometeorology and dispersion

condittions. Such mitigation measures will be discussed in the sections following,

BARFkIER EFFECTIVENESS

effectiveness of the barriers in reducing downwind odor concentrations was

¯under evaluation since the third week of the study. The barrier evaluation centered

on the effectiveness of barriers in modifying dispersion under critical transport

conditions with wind speeds greater than 2 mph.

Summary results of the barrier evaluation are presented on Table 26. Barrier

effectiveness was evaluated by comparing the ratio of the downwind tracer

V
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PLATE 19 SMOKE FLOW VISUALIZATION OF DOWNSLOPE COLD AIR DRAINAGE, TOP DECK
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TABLE 26

SUMMARY RESULTS - BARRIER EFFECTIVENESS

Date Tte

(SF6)
C1

0 Lyan Cl.
(ppb)

(sF)

C2
8 WS-2
(ppb) C1/C2

A T
(07)

u
(.ph)

e
(°H)

Ip
WS-2
(°F)

P.41
(2)

Tracer
Location

1216 21:30 0.19 0.06 3J7* 0.1 1.0 115 52 63 14-12

1219 21:23 0.042 0.042 4.0* 1.6 0.00 345 49 ii 14-3
12/9 21:24 0.044 0.029 1.52* 1.6 0.00 313 49 71 14-3

12/10 20:25 0.75 0.40 1.88* -- 2.5 97 61 43 N-I5
12/10 20:30 0.13 0.36 0.36* - 2.5 97 60 43 14-15
12/10 22:12 0.22 0.33 0.63* -- 4.5 75 52 39 41-15
12/12 20:30 0.13 0.10 1.30 -- 1.0 68 34 49 .4-12
12/12 21:40 0.56 0.03 1.87 -- 4.0 60 55 54 J12
12/15 20:04 0.52 1.5 0.35 - 0;0 cal. 62 45 7-13
12115 20:13 0.52 0.58 0.90 -- 0.0 cal. 62 45 7-13
42/15 20:55 1.5 0.4 3.75 -- 0.0 cal. 63 45 7-13
12/15 21:00 0.8 0.8 1.0 -- 0.0 cal. 63 45 7-13
l2/1S 21:05 0.4 0.58 0.69 -- 0.0 cal. 63 45 7-13
12/IS 21:10 0.36 0.28 1.29 -- 0.0 cal, 62 45 F-13
12/15 21:15 0.15 0.25 0.60 - 0.0 cal. 62 45 7-13
12/15 21:20 0.09 0.18 0.50 -- 0.0 cal. 62 45 F-13
12/15 21:50 0.18 0.20 0.90 -- 1 330 64 42 7-13
12115 22:25 0.06 0.044 1.82 -- 0.5 330 66 42 I-Il
12/15 22:55 0.021 0.02 1.0 -- 0.0 cal. 67 42 I-Il
12/16 20:05 0.025 0.44 0.06 -- 0.5 75 66 52 7-15
12/16 20:20 0.41 1.2 0.34 - 0.5 60 65 50 F-IS
12/16 20:25 0.46 1.0 0.46 --- 0.3 60 65 49 F-IS
12/16 20:30 0.62 1.4 0.44 -- 0.5 60 65 49 7-15
12/16 20:33 0.49 0.3 1.63 -- 0.0 cal. 65 49 7-15
12/16 70:40 1.3 1.0 1.30 -- 0.3 60 64 49 7-15
12/16 20:45 0.6 0.19 3.16 --- 0.0 cal. 64 50 7-15
12/16 20:50 0.8 0.50 1.60 - 0.5 60 64 50 715
12/17 17:03 0.13 0.25 0.52 - 0.0 cal. 60 58 P-IS
12/17 17:10 0.58 0.14 4.14 - 0.0 cal. 60 60 7-15
12/17 18:25 0.22 0.024 9.17 --- 0.0 cal. 58 69 7-45
12/17 18:35 0.025 0.06 0.42 -- 0.5 40 57 74 715
12/17 18:55 0.048 0.06 0.80 -- 0.5 40 54 75 F15
12/17 19:00 0.09 0.06 1.50 -- 0.5 40 54 16 7-15
12/17 21*00 0.03 0.10 0.30 -- 0.0 cal. 51 83 F-15
12/17 21:05 0.077 0.43 0.59 -- 0.0 cal. 51 83 F-IS
12/17 21:15 0.02 0.070 0.29 -- 0.5 40 50 84 F-IS
12/17 21:25 0.02 0036 0.56 -- 0.0 cal. 50 86 F-IS
12/18 21:35 0.52 0.18 2.89 -- 0.0 cal. 47 83 0-16
12/18 21:40 0.50 0.32 1.56 -- 0.0 cal. 47 83 0-16
12/18 21:45 1.05 0.63 1.67 -- 0.0 cal. 47 82 016
12/18 21:50 0.67 0.49 h37 -- 0.0 cal. 47 82 0-16
1/9 20:20 lii 0.04 27.5 2.0 00 270 -- 117
1/9 20:25 .11 0.08 1.37 2.0 0.0 270 -- --- i-Il
1/9 20:35 .022 0.07 .31 3.0 4.0 30 --- --- 1-47
1,9 20:55 0.4 0.2 2.0 3.0 1.0 33 --- --- 1-Il
1/9 21:00 0.9 0.06 15.0 2.0 0.0 300 --- - 1li
1/9 21:05 0.038 0.1 .38 2.0 3.0 10 -- --- 1-47

condition

( d a ,a a (a



V

concentration (c1) to the upwind tracer concentration (c2) before and after
p

construction of the barrier. If the ratio 1/c2 is less than or equal to one, the

reductiOn in tracer concentration could be attributed in part to the presence of the

F

barrier. Conversely if c1/c2 was greater than or equal to one, the barriers

would not have been effective in reducing downwind concentrations. A frequency

distribution showing c1/c2 for pre-barrier and post-barrier conditions is

presened on Figure 2k. For both pre- and postbarrier conditions the ratio of
F

c1/c2 was less than one only approximately 50% of the time. The pre- and

post-barrier conditions appeared to be nearly identical indicating that the barrier

was not effective under the frequently calm evaluation conditions.
V

In large part the micrometeorological conditions prevailing at the BKK site

duringt the evaluation explain the lack of barrier mixing. Ninety percent of the

mecsuements were made under conditions of wind speeds less than 2 mph thereby

obviating the possibility of barrier mixing due to eddy generation. Approximately

60% o the measurements were made with RH less than 50% under strong inversion

conditions. Mixing uch stable air would be extremely difficult even with

mechanical assistance (wind machines). Smoke visualization studies conducted at

the West Window confirmed the tracer results.

lihe barrier was found to act as a cold air dam. Temperature gradient

meastirèments were made both upwind and downwind of the barrier to determine

their effect on cold air movement. Figure 25 shows a profile of temperatures

measured approximately 2 feet on either side of the barrier at the noted elevations.

- The cifference in uowind and downwind temoerature on the barrier was as much as

9°F. Cold air was essentially trapped on. the landfill side of the barrier. Any

downslope drainage air from the landfill which was warmer than this air trapped

behind the barrier would tend to move over the top of the barrier without

intermixing with the relatively cold stable air trapped behind the barrier.
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Temperature measurements at various elevations within the landfill confirmed

that the air was generally warmer at higher elevations. The presence of cold air

traps was also confirmed. A typical landfill temperature traverse is presented on

Figure 26.

The ability of the barriers to dam and provide channeling of cold air may

ultimately prove to be useful at the BKK site. Barriers could be used with earthen

levees to redirect downslope cold air drainage away from nearby residences. The

design criteria for such a system should be field evaluated.

In conclusion, barriers were not effectIve In increasing dispersion under the

conditions evaluated. Under the prevailing calm conditions the barrier acted as a

cold air dam. Warmer air moved over the cold air without significant intermixing.

Barriers have been shown to be effective mixers when wind speeds in excess of 2

mph prevail. Barriers may prove to be effective mixers at the BKK site during

other times of the year. Under calm conditions, barriers would have to be used in

conjunction with wind machines to induce mixing.

WATER AEROSOL EFFECTIVENESS

The effectiveness and potential of a water aerosol system for mitigating

downwind odors was evaluated during the last two weeks of the baseline data.

collection period. The water aerosal system was designed to increase RH in the air.

Increased RH can result In fewer and less severe ground level temperature

inversions, If Inversion strength is reduced, the frequency of high magnitude

downwind odor concentrations would be reduced.
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The aerosol system was evaluated using a tracer study, smoke flow visualization

and measurements of RH. Tracer results proved difficult to obtain because of

erratic wind conditions. Those results that were obtained are presented in Table

27. Table 27 shows the results of simultaneous tracer sampling at five minute

intervals upwind of the aerosol system, downwind of the aerosol system and

downwind of the west window barrier.

The results for 1/20 and 1/21 are plotted in Figures 27 and 28. If the aerosol

system were increasing dIspersion there should be a consistent reduction in tracer

concentration relative to the upwind aerosol concentration. As can be seen from

Figures .27 and 28 no consistent trend was observed. The tracer conéentralon

seemed to vary almost randomly. An examination of the prevailing

micrometeorology during the evaluation period showed that calm winds were the

rule and high RH prevailed. The micrometeorology certainly explains why sometime

no results and other times inconsistent results were obtained. Under calm

conditions, air drifts erratically. On one day, air was observed to be moving in a

circular pattern near the aerosol system. The method of evaluation required that

air move through the aerosol in a steady flow. That condition never occurred for

more than a short period of time during the evaluation.

A water aerosol system is designed for conditions of low RH. Increasing the RH

under low RH conditions should mitigate the strength. of inversion. During the

evaluation period RH was. already high, usually greater than 80%. Thus the

conditions under which the water aerosol system could hove been effective did not

prevail during its evaluation.
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TABLE 27

WATER AEROSOL SYSTEM EVALUATION

'C

(SF6) (SF6) (SF6)
C1 C2 C3 8 Het Upwind of I)ounwind of

Lynn CL. 8 VS-2 upwind Q) u e Radiation Temp aerosol aerosol
D3te Time (ppb) (ppb) (ppb) (cc/rain) cj/c2 c2/c3 (°F) (mph) (°N) (watts/m2/seã) (°v) (Z) (Z)

1/19/81 21:10 -- 0 0 100 - -- -- calm calm 50 90
21:15 - 0 0.28 100 -- -- - calm calm 50 90
21:20 - 0 0 100 - --- -- calm calm 50 85 90
21:25 - 0 0 100 -- - -- calm calm 50 95
21:30 0 0 100 - -- -- calm calm 50 95.
21:35 - 0 0 100 -- -- - calm calm 50 95

1/20/81 20:25 0.85 0.8 0.87 100 1.06 0.92 0.5 calm calm -97 52 100
20:30 0.80 0.95 0.70 100 0.84 1.36 0.5 calm calm -97 52 100
20:35 2.3 2.5 0.75 100 0.92 3.33 0.5 calm calm -97 52 100
20:40 1.1 0.15 0.84 100 7.33 0.18 0.5 calm alm -97 52 90 100
20:45 0.25 0.44 0.02 100 0.57 22.0 0.5 calm calm -97 52 100
20:50 0 0 0 100 --- --- 0.5 calm calm -97 52 100
20:55 0 0 2.0 100 - -- 0.5 calm caIn -91 52 100
21:00 0 0 0 100 -- --- 0.5 calm calm -97 52 100
21:05 0 0 0 100 - - 0.5 calm calm -97 52 100
21:10 0.28 0.65 0.77 100 2.32 0.84 0.5 calm calm -91 52 100

1/21/81 18:30 1.05 0.2 0.15 100 5.25 1.33 2.0 calm calm -129 56 90
18:35 0.50 0.17 0.07 100 2.94 2.43 2.0 calm calm -129 56 90
18:40 1.2 0.45 1.4 100 2.67 3.11 2.0 calm calm -129 56 80 90

18:45 0.52 1.0 0.12 100 0.52 8.33 2.0 calm calm -129 56 80 90

18:50 0.85 0.80 0.23 100 1.06 3.48 2.0 calm calm -129 56 90

18:55 1.35 0.79 0.59 100 1.71 1.34 2.0 calm 'calm -129 56 95
19:00 1.45 0.90 1.2 100 1.61 0.75 2.0 calm calm -129 56 95
19:05 0.56 '0.54 0.70 i00 1.04 0.77 2.0 calm cabs -129 56 95

()Tracer location was F-15 for all runs.
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As indicated on Table 27, the water aerosol system did sometimes increase the

RH of the air. As with the tracer, results, were often erratic. Some measurements

showed a definite increase in RH while others showed no increase. This could have

been the result of erratic wind movements. The fact that RH was increased, even

with high initial RH indicates that this system has potential for accomplishing the

objective .for increasing RH. The system should be even more effective when RH is

Initially low.

In the evaluation of micrometeorology it was noted that RH had increased in

January over thatwhich occurred in December. Occurring with.the increase in RH

was a decrease in the number of confirmed and measureable downwind odor

conditions. The higher RH may be indicative of a decrease in inversion strength in

January compared to December. Thus it may be that the water aerosol system

could not produce significant changes in mixing because mixing conditions were

already relatively good.

To the extent that the increased RH in January reduced the odor complaint

conditions 'a water aerosol system which increases RH shows promise. A large sc&e

water aerosol system warrants further evaluation at BKK under conditions of low

RH to better determine its potential.

GAS RECOVERY EFFECTIVENESS

During the final week and a half of the baseline data collection period on

expanded gas recovery system was placed into operation. An additionql seven wells

were drilled and connected to the existing centrifugal flowers and gas burners. The

location of the new wells with the existing and proposed gas recovery wells Is shown

In Figure 29.
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Seven unit area SOER monitoring locations were established in the vicinity of

the new wells. These monitoring locations are also shown in Figure 29. Two

locations were monitored prior to the gas recovery system startup while the

remaining were monitored as the system started up. Results of the unit area SOER

monitoring are presented in Table 28.

The expanded gas recovery system was placed Into operation at approximately

16:00 on JanUary 14, 1981. InItial unit area SOERs varied from less than 10

cu/mm/sf to over 5,000 cu/mm/sf. Two days after the startup all stations

monitored showed significant reduction In their unit area SOER. Plots of unit area

SOER vs. time are presented for Stations I, 3, L, 5 and 6 in FIgure 30 through 34,

respectively.

All locations did not continuously maintain their reduced unit area SOR. In

some cases (Station I and 4) readings were obtained after startup that were higher

than the pro-startup readings. There are many possible explanations for this

occurrence:

I. Normal variation in strength of odors escaping through the soil.

2. Changes In surface conditions (cracks, fissures) with time.

3. The change Is due to the varying effectiveness of gas recovery.

It was not possible to explain the variation. The efficiency of the new gas

recovery systems was not good. Gas samples analyzed Indicated that the system

was pulling significant amounts of air. Air leaks in the system could have reduced

the rate of gas withdrawal from the new wells. With less gas withdrawn, the unit

area SOER would not be reduced as a result of gas recovery.

Several observations can be made about the potential effectiveness of gas

recovery for mitigating odor emissions:
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TABLE 28

SUMMARY OF GAS RECOVERY SOER MEASUREMENTS

UNIT AREA SOER (on/mm/sf)

Starting Station ConentsStation Station Station Station Station
Date Time #1 #3 #4 #5 #6 #7

1/8/82 18:55 104 52
20:45 521 52

1/14/81 15:40 7 5208 5208 5208 Gas Recovery
17:20 3 Systeni placed
17:35 208 in operation

1600, 1/14/81
1/16/81 17:10 10 417 35 7

21:05 2 104 104 104

1/19/81 18:37 104 5 52 104 35
22:20 5 1042 104 5

1/20/81 15:30 1042 4 104 26 21
0

1/21/81 17:00 140 104 208 104 26 208
21:00 104 417 lOt. 10 104

1/22/81 21:30 5. 6944 520 8

1/23/81 16:05 868 5 651 651 10 260 Ground was wet
-

after rain.

Note: Monitoring locations are ideñtifled on Figure 29.
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I. If all gas that is escaping through the soil is completely contained
V I

'(prevented from surfacing) there should be a significant and documentable

reduction In site odor emissions.

The effectIveness of gas recovery in reducing the unit are SOER has been
w

shown to be variable.

All other things being equal, that variability may be due to variable

effectiveness of the gas recovery system.

If gas recovery is to be an effective mitigation system for reducing site odor

emissions, the system must be designed to insure that most if not all gas is

recovered. System construction must be continous as the landfill is filled. The

system must be closely monitored to insure that it s working properly. Carefull

deratlon should be given to the zone of Influence and spacing of the wells. The

systm should be "balanced" so that each well can supply an equivalent amount of

gas. The system may requires significant oversizing if all gas is to be recovered.

The gas content should be continuously monitored to insure that there are no air

in the system.

Odor risk is defined as the number of annual occurrences of odor concentrations

in excess of a specified level downwind of an odor source. Odor, in the context with

which It Is discussed in this report, is defined as a human response to changes in

olfactory stimulation coised by an odorant or mixture of odorants. Odor can be

measured in a number of ways, but the simplest and most objective means is to

measure its detectability. Odor detectability is measured as the number of clean air

diIulons required to reduce an odorous volume of air to its minimum detectable

threshold odor concentration (MDTOC), as determined by a trained human subject.
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The number of dilutions to the MDTOC is reported as the odor concentration and has

the units of odor units per cubic foot (oulcf).

Nuisance odors ore of the greatest concern to the public. The measurement of

odor detectability does not distinguish between pleasant and unpleasant odors.

However, to people living in the vicinity of a major odor source such as a landfill or

a wastewater treatment facility, any detectable odor will be associated with that

facility, and therefore will be considered to be an objectionable odor. In assessing

odor risk, consideration of only detectability of the odor will make the results

generally applicable to the most sensitive of individuals.

Whereas an odor concentration at its MDTOC is by definition Just detectable, it

is not sufficiently distractive to cause or demand the conscious attention of on

individual. Previous studies hove established that odor concentrations in excess of 5

ou/cf are easily detectable and cause sufficient distraction to result in some odor

complaints. An odor. concentration of 5 ou/cf has been termed the distraction

threshold. As odor concentrations increase to approximately 10 oulcf, the odor

becomes sufficiently distractIve to require conscious attention of an individual and

thus consistently results In the occurrence of odor complaints. An odor

concentration of 10 ou/cf has been identified as the odor complaint concentration.

Odor Risk

Odor risk is reported In terms of the number of days annually in which the

downwind odor concentrations at a specified distance will exceed either the

distraction threshold of 5 ou/cf or the complaint concentration of 10 ou/cf. An

acceptable level of odor risk is usually specified in terms of a specific number of

days in which odor concentrations may exceed either the distraction
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thre hold or the complaint concentration at the minimum downwind distance.

Typisally an acceptable level of odor risk is agreed upon between the public

surrounding the major odor source and the management of the facility. Typical

acceptable levels of odor risk are in the range of I to 5 distraction threshold events

annulIy.

Atmospheric Transport and Detection of Odors

Odor risk requires a source of odor omissions, transport of odorous air near the

ground and the presence of an Individual who can respond to the odor. The odor

emissions from the BKK Landfill must be transported through the atmospheric

sublayer near the ground. Under normal levels of odor emissions, it is usually

necessary that restrictive or critical sublayer transport conditions prevail between

the source and the downwind contact point for the detection of odors. Under

conditions of extremely high odor emissions, it may not be necessary for. critical

transport conditions to prevail in order to detect odor downwind.

Critical transport conditions are micrometeorological conditions which result in

minimum dispersion (downwind dilution) of source odor cortcentrationsas they are

transported. In general, critical conditions occur when there is a strong sublayer

temperature inversion. A strong temperature inversion prevents odors from mixing

vertically in the air. The odors are essentially trapped in a relatively shallow layer

¯

of the air. The condition in which there is an absence of vertical mixing with strong

invrsion has been termed Puff Transport (PT). At the BKK Landfill site, the most

crit1ical condition appears to be calms which allow the downslope drainage of

¯ odoous air. Calm conditions with the presence of a strong temperature inversion

will result in maximum downwind odor concentrations.
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PT conditions have been observed to occur when the temperature difference (A

T) as measured between 25 feet and 5 feet above ground level exceed a critical

value ( .AT) of 2°F. These conditions typically occur and are associated with a

nighttime counter radiation inversion.

A model of odor transport under PT conditions has been developed and has been

verified under field conditions. The model was developed to predict an inverse

square root decay of pollutants with distance as has been observed under PT

conditions. The model relates the downwind concentration c (ou/cf), to the odor

emission rate 0 (cu/mm), downwind distance x (ft), the PT diffusivity, K'

(ft/mm2), and a characteristic puff width Y, (ft) as follows:

0 (I)
K'(Yx)

This transport model is utilized to predict downwind odor concentrations in odor

risk assessment.

The final requirement for odor risk is that there must be ci conscious (awake)

individual present who is breathing outside ambient air who con respond to the

presence of detectable odors. In general, the contact point factors require that

ambient temperatures are high enough to allow the complainant to be comfortably

involved in some outdoor activity or with direct access to outside air through open

windows.
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Odor Fisk Model
V

A number of specific conditions must be met simultaneously before the

down,ind detection of odors is possible. The specific conditions relate to the

magnltute of odor emissions and the site micrometeorology. The odor risk model

requires that the following three specific conditions occur simultaneously:

I. Critical transport conditions.

2. Odor window.

3. Excess odor concentration.

Critical. Transport Conditions. The first condition necessary for odor risk is a

condition, which will result in minimum downwind dispersion of odors. This can

occur under PT or calm conditions. In the case of the BKK Landfill, critical

transport has been observed to most frequently occur under calm conditions. The

PT o calm condition must be of sufficient duration to allow time for the transport

of odors to the specified downwind distance. For the BKK site odor risk assessment,

critical transport conditions were defined as either PT or calm conditions which last

for a minimum of one' hour during the normal waking hours of 0600 to 2300. The

tim of day restriction was included to provide reasonable assurance that individuals

will e awoke and capable of responding.

Odor detection occurs when odorous air comes in contact with a

icus individual. In order for a contact to occur the outdoor ambient air must

have relatively direct access to an individuals nose. An open window or outdoor

activity will insure a potential response. Time and circumstances under which an
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individual can detect and respond to odors has been termed the "odor window". The

odor window concept simply requires that ambient temperatures be between 60°F
and 90°F during a PT or calm condition. When temperatures are below 60°F,

outdoor activities are limited and windows are likely to be closed. When

temperatures are above 90°F, wIndows are likely to be closed due to the use of air

conditioners.

Excess Odor Concentrations. Excess odor concentrations occur during critical

transport conditions when source odor emission rates and the prevailing atmospheric

dispersion result in downwind odor concentrations (c) in excess of the specified

concentration (c5). Excess odor concentrations are determined with the PT

dispersion model, equation (I). An excess odor concentration will occur for PT

conditions whenever

= C(X) (2)

The frequency with which equation 2 is satisfied con be determined statistically

using independent cumulative frequency distributions for Q and K'(Y).

Assessment of Odor Risk

An assessment and prediction of odor risk is possible through a program that is

designed to determine the frequency of occurrence of each of the requirements for

odor risk as previously discussed. Due to seasonal variations in site

micrometeorology, the accurate prediction of odor risk requires monitoring of odor

emissions from each landfill odor source and a minimum one year

mlcrometeorlogical data base.
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Càmputation of Odor Risk. The three general requirements for the assessment

of odor risk are combined to determine the annual number of odor risk events, N (c ~
c5) as follows:

V

N (c ~ c5) 365 Z f1 D1 B1 r (3)

Where,

N = number of odor risk events

c = downwind odor concentration

c = specified downwind odor concentration

= time interval of year

f= frequency of time. interval where f1 = I,

D = odor window frequency

B = frequency of critical transport events

r frequency of c c5 given critical transport event

Equation (3) assumes independence of each variable. A discussion and

justification for the independence assumption is included in Reference (2).

OdoriRisk for BKK Landfill site.

Projected Total Site Odor Emissions. The estimated frequency distribution for

the otal site odor emissions was presented on Figure 23. Odor risk was computed

assuming odor emissions at the December levels and at reductions of 90% and 99%.

It was estimated that the December median level of odor emissions was

approximately (8 x tO6 cu/mm. A 90% reduction would reduce, the median site

odor emission rate to 1.8 x 106 cu/mm. A 99% reduction would reduce the median
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odor emission rate to 0.48 x io6 cu/mm. The 90% and 99% reductions in surface

odor emission rates ore assumed to retain the same frequency distribution slope as

at present.

Projected Frequency for Critical Atmospheric Conditions. Based on

measurements completed at the BKK Landfill site, calm conditions have occurred on

approximately 90% of the days studied. The months of December and January

generally represent the highest frequency of critical atmospheric conditions. For

the odor risk projection the frequency of critical transport conditions (B) was. taken

as the frequency of calm conditions for December and January. This should produce

conservative resuIts.

Prolec,ted Frequency of the Odor Window. During the months of December,

1980 and January, 1981, maximum daily temperatures have been between 60°F
and 90°F. Since the months of December and January are generally the coolest

months of the year, and since temperatures were always sufficiently warm to allow

for both outdoor activities and open windows, it has been assumed that the odor

window frequency for the West Covina area is 1.0.

For many climates, the odor window frequency during the months of December

and January Is close to zero. Thus, the mild climate of Southern California

contributes to the severity of the problem because direct exposure to potentially

odorous air Is Increased.

Projected Frequency of Excess Odor Concentrations qiven Critical Transport

Conditions. The occurrence of the critical transport condition in combination with

the odor window does not necessarily mean that downwind odor concentrations will
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exceed those specified. The total site odor emissions are assumed to take on a log

nornal probability distribution (Figure 23). The magnitude of dispersion that wilt

occ(jr under given PT conditions is also expected to assume a log normal probability

disfribution (Figure 21).

Given critical transport conditions, the combined effect of odor emission rate

and available atmospheric dispersion will determine whether excess odor

concentrations will be detected at the specified point downwind. Statistical

procecksres were utilized to determine the frequency of excess odor concentrations

given frequency distributions of the total site odor emissions and the PT diffusivity.

The statistical methods are documented in Reference 2.

Frequency of Wind Direction. Under non-calm ondit ions, the wind direction

frecuency will determine the frequency of exposure to odors that various downwind

secors will experience from the BKK Landfill site. The odor risk, as viewed from a

downwind resident, will be only a small fraction of the total odor risk for the site.

Resdent.s living to the north of the BKK Landfill and on the west side of Azusa

Avnue will probably only experience odors from the landfill when wind is

directionally aligned with their residences and measurable wind speeds prevail. For

residents living in the M and L Street areas, odor risk con occur during calm

conditions. Their degree of exposure is not dependent entirely upon wind direction

but is more dependent upon the presence or absence of calm conditions. It is under

the calm conditions that the downslope drainage of air from the landfill to these

areas will prevail.

Downwind Distance. Downwind distance chosen for the assessment of odor risk

was 2,000 feet. This distance was representative of the average distance from the

cen1tra1 port of the landfill to the nearest downwind residences.
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Specified Odor Concentrations. The specified odor concentrations for the odor

risk assessment were the 5 ou/cf distraction threshold concentration and the tO

cu/cf complaint concentration.

¯ Odor Window Event Frequency. The odor window event frequency has been

assumed to be equal to 1.0. The projected frequency of the odor window events is

based on monitoring of temperature data during the month of December 1980 and

January 1981. The use of on odor window event frequency of 1.0 should produce

conservative results.

Projected Odor Risk

The projected annual odor risk for the BKK Landfill site has been presented on

Table 29. Under the December levels of odor emissions it is estimated that odor

risk will occur on approximately 188 days per year or equivalent to about one-half of

the days in the year. During the 1979 and 1980 years, odor complaints occured on

approximately 2/3rds of the days annually.

A 90% reduction in odor emissions would reduce the level of odor risk events to

10% of the existing value or approximately 19 days per year. A 99% reduction In

odor emissions would reduce odor risk events to approximately 2 days per year.

Uncertainty Analysis

The entire odor risk assessment has been based on a number of assumptions

which have been explained in this report. Attempts hove been made to project

'0

conservative results. The ¯ odor risk computed here is for normal conditions of

landfill operations. Odor risk will greatly exceed that projected if abnormal

conditions prevail such as pipeline breaks, etc.
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TABLE 29

ESTIMATED BKK LANDFILL ODOR RISK

Odor Risk)
Condition 5 ou/cf 10 ou/cf

Existing(2) 188 139

90X Reduction in
Odor Emissions 19 14

99% Reduction in
Odor Emissions 2 1.4

(1)Number of days per year at a distance of 2000 ft. downwind of the
landfill.

(2)Baaed on December 1980 Odor Emission Rate
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The assessment of odor risk is only as strong as the data base from which it is

derived. Becc.ise the data base was necessarily limited in time, risk projections

based on two months data may not apply o the balance of the year. This weakness

has been mitigated, by using conservative assumptions in predicting risk. Conditions

should be better than those predicted.
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VI. POTENTIAL OF ALTERNATIVE MITIGATION MEASURES

Alternative odor mitigation measures will be discussed under the categories of

controls and large area controls.

SOURCE CONTROLS

Neutralization of Acids

- The disposal of acid wastes at the E3KK Landfill was identified In the USC study

as being a major contributor of odors (I). Acid disposal was eliminated at the BKK

Landfill prior to December I. Acid wastes are now either neutralized prior to
PS I

transport to the BKK site or are redirected to other legal landfills. It has not been

possible to directly measure the significance of this change in practice inreducing

the BKK Landfill odors because these actions were taken prior to the initiation of
PS

the EUTEK study.

However, a trend indicating reduced downwind odor conditions from the site has

been noted from January observations relative to those in December. This trend,

indicating an apparent reduction of 73%, has been discussed in Chapter V. This

¯ rediction may be due in part to a reduction In site odor emissions as a direct or

indirect result of the elimination of acid disposal. At this time it is impossible to

detJrmine the benefit of this action.

¯ Timing of Daily Operations

The onset of critical transport conditions at the BKK site occur at

approximately sundown. During winter, the onset of critical transport conditions

occurs nearly simultaneously with the closing of the working face. Some odor
PS

complaints have occurred in the early evening hours (prior to 6 p.m.) before the

closing of the working face. Based on their frequency it is estimated that less than

PS
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10 to 20% of odor complaints result from landfill operations on the working face.

Thus, changes in timing of doily operations would not greatly reduce the severity of

the odor problem at the landfill.

Gas Recovery

Expansion of the gas recovery system appears to hove good potential for

reducing downwind odor concentrations if carried out efficiently. To the extent

that expanding the gas recovery system can prevent the escape of landfill gas

through the soil It should reduce odor concentrations proportionately.

Prior to January 14th, the gas recovery system had the capability of extracting

approximately 2200 cfm of gas. BKK has estimated that the total gas production at

the site was 6600 cfm. Approximately 1400 cfm of landfill gas is escaping through

the soil into the atmosphere. Equipment has been ordered which should increase the

capability to.. extract and Incinerate landfill gas to 5200 cfm by June .30, 1981.

Ultimately, an additional 9 gas extraction wells will be installed as a part of a U.S.

Deportment of Energy feasibility study grant which would expand the gas extraction

capability to 1200 cfm. .

Combustion of the landfill gas reduced the gas odor concentratIon

approximately 99.9%. If the ultimate gas extraction system is successful in

preventing the escape of odorous landfill gas through the soil, a satisfactory

reduction in the site odor risk could be expected.

LARGE AREA CONTROLS

Barriers

BarrIers have the potential for mitigating the BKK site odor problems in two

ways. The first Is the use of barriers as a vertical mixing device under conditions of

winds greater than 2 mph.
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The absence of mixing winds and low RH at the BKK Landfill could be
p

mitigated through use of wind machines and water aerosol subject to satisfactory

sound barriers. In combination with these systems, barriers could reduce the

required gas recovery effectiveness to 1/3 to 1/2 of present estimates.

The second use of barriers is in conjunction with land contouring and/or

construction of levees for channeling and redirecting flow. Barriers and levees do

act as effective dams for cold air. The effectiveness of the barriers for channeling

and redirecting air flows should be field evaluated.

It was noted both in the routine odor patrol surveys and in the analysis of odor

complaints that few complaints originated from the 'N' Street area. The N Street

area Is immediately to the west of the 'L' Street area but is separated from the

landfill by a large hill. Cool air draining off the landfill will either flow towards

Azusa Avenue near the BKK entrance or will flow out the West Window into the L

Street. It appears that relatively few complaints occur in the N Street .area because

of its relatively high elevation and the protection by the hill. It may be possible to

protect the L Street area in a similar fashion.

The watershed drainage areas of the BKK Landfill are shown on Figure 35.

Under calm conditions with no external forces except gravity, air would be expected

to drain downhill as it cools. Whereas the only significant force acting on water is

graiity, air with the action of upper wind movement and momentum has external

fores that can overcome the effects of gravity. The result is that under calm wind

conditions air cai move uphill where the slope Is not too steep.

An examination of the landfill site topography shows that much of the landfill

ara (upper and mid-decks) could drain into the M Street area. Similarly, with the

exception of the slopes facing the M Streets, the entire landfill area could drain
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into the L Streets. Normal drainage without external forces for the majority of the

londfll area would be towards Azusa Avenue near the BKK entrance. The slopes

above the M Street area are the only part of the landfill which naturally drains away

from Azusa Avenue. Observations of smoke following the natural water drainage

paths have been made. These observations suggest that air drainage under calm

conditions could be modified by building slopes and/or barriers to isolate residential

areas from the landfill. This could help reduce odor risk.

If an earth embankment were constructed across the West Window, it should be

possible to redirect the cold air flow and prevent much of the L Street odor risks.

The objective would be to isolate the L Street area from the landfill by eliminating

the West Window as a point ot drainage of cold air from the landfill.

It may also be possible to isolate the M Street area from cipproxfmately 80% of

the landfill area. 'it would be virtually impossible to isolate the M Street area from

the existing terraces and slopes facing the M Street area. However, it may be

possible to isolate this area from much of the landfill by providing earthen berms

along the outside edges of the working decks. The current operation plan requires

that ultimately 15 ft. horizontal of compacted earthfill be placed on the finished

slopes of 'the Landfill. A perimeter berm could be constructed on the M Street side

of working decks prior to the placement of solid wastes on those decks. The

would ultimately be utilized as the 15 ft. final fill. As solid waste is placed

the berm on the working decks, a new berm would be constructed directly

It. The desired effect would be to continually isolate the majority of the

area from the M Streets. The objective of the berms would be to redirect

lope drainage away from the M Street area. The proposed concept of utilizing

on the M Street slopes is illustrated on Figure 36.
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Only those odors which are released on the finished terraces below the berm

could flow to the M Street area. Control of odor emissions from these finished

slopes would have to occur entirely by gas extraction wells.

Water Aerosol

Even under the high ambient RH conditions during evaluation of the water

aerosol system, increases in RH were noted to occur. These increases could be

expected to be greater under low RH conditions.

The higher ambient RH conditions which occurred during January could

partially explain the observed reduction in the number confirmed and measureable

odor complaints. Artificially raising RH with a water aerosol system under

otherwise low RH conditions could have a similar effect on reducing the frequency

of downwind odor complaint conditions. Evaluation of the effectiveness of a large

scale: water aerosol system for raising RH should be considered.

POTENTIAL EFFECTIVENESS OF SELECTED MITIGATION MEASURES

- Based on the BKK Corporation estimates of the present gas production rates at

the IFndflII site, It Is estimated that by June 30, 1981, odor emissions from the site

can e reduced by up to 68% by gas recovery. An earthen berm closing the West

-. WIncow to downslope drainage cold air has the potential to reduce the frequency of

total site odor complaint conditions by an estimated 22%. Redirecting and

channeling cold air downslope drainage above the M Street area has the potential to

reduce total odor complaints conditions from this area by up to 80%. Since this area

has accounted for 67% of total odor complaints from the site, overall reduction

wou ld be 5L%.
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The potential combined effect of implementing all of these independent

mitigation. measures would result in a residual odor risk of,

(I - 0.68X1 - 0.22Xl. - 0.511.) = 0.i I

or, on overall reduction of 89%.

The control measures which BKK Corporation has already implemented have

been partially responsible for reduction in the downwind odor conditions as measured

In January relative to those measured in December by 73%. This trend may

continue, if it Is assumed that no further changes occur, the resultant residual odor

risk with all of the above listed mitigation measures relative to the calculated

December risk would be,

(0.ll)(l - .73)= 0.030

This represents potential overall reduction of 97% or a projected frequency of 5

cu/cf of 6 events per year and a 10 ou/cf annual event frequency of 4. With

implementation of additional gas recovery, a further reduction in odor risk should

occur to a level of less thon five 5 cu/cf events per year. Under these conditions

the BKK Class I Landfill should become a good neighbor to surrounding residents.

RAMIFICATIONS OF LANDFILL CLOSURE

Closure of the BKK Landfi Ills an alternative being urged by some West Covina

citizens. When considered as a odor mitigation measure, this alternative proves to

be ineffectIve. Closure of the BKK Landfill at this time would accomplish one
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thing in the way of odor mitigation. Ten to 20% of the odor complaints have been

attributed to the working face during daylight hours. Closure of the landfill would

ellmlçiote the working face and would thereby reduce odor risk by approximately 10

to

w

would, however, be concomitant events occurring with landfill closure

which could be counter -productive from the standpoint of reducing odor emissions.

Cracks and fissures in the landfill surface cover could be expected to increase with

time and with lack of continual maintenance. This would result in greater releases

of landfill gases which have not received the benefit of filtration through a closed

soil surface. There is as well the problem of maintaining a continuous and effective

gas recovery system at a closed facility.

has been noted in the previous section, almost 90% reduction in odor

emision can potentially occur as the result of the planned expansion in gas recovery

systems at the BKK Landfill in conjunction with measures to redirect and channel

cold air downs lope drainage to prevent access to the L and M Street areas. The

measures that the landfill is currently taking to restrict its acceptance of acidic

wastes and highly odorous wastes appear in part to be reducing the magnitude of site

odor emissions. If the site were closed, expansion of the gas recovery system would

not occur and the correct and appropriate configuation of the landfill slopes to

prevent access of odorous cold air downslope drainage to the L and M Street areas

could not occur. Thus, site closure would not accomplish the degree of potential

reduction in odor risk which would be accomplished with continued operation of the

w sitel with Implementation of the selected odor mitigation measures.
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In conclusion, It must be borne in mind that the primary source of odors from

the BKK Landfill is landfill gases escaping from the surface of the site. These gases

are being generated beneath the surface by microbiological cctivity which will not

cease with the closure of the landfill. In fact, this activity can be expected to

continue for years. The most effective way to reduce the odor risk associated with

the site under these circumstances is to implement intelligently selected mitigation

measures to both reduce the likelihood of gases escaping from the surface of the

landfill and reducing the likelihood that any such escaped gases will reach

residential areas in detectable concentrations.
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VII. CONCLUSIONS AND RECOMMENDATIONS
V

I,, this chapter overall study conclusions hove been presented with

recommendations on future actions by both the City of West Covina and BKK

Corp1oration relative to the future operation of the landfill. Areas where

uncertainty exists or where further study is warranted are discussed.

V

V

V

V

V

V

CONCLUSIONS

The following were the key findings of the BKK Landfill Odor Study:

I. Odor complaint conditions frequently occur in the vicinity of the BKK

Landfill due to the Landfill. The occurrence 'of complaint level odor

concentrations was scientifically ver i fled.

2. Historical odor complaint analysis suggests that site micrometeorology is

a key factor in the distribution and frequency of occurrence of the odor

complaints. The existence of ground level radiation inversions and calms

appear to be critical to the transport of odors downwind.

3. The most seriously affected residential areas are the "M" Streets and the

"L" Streets. These residential areas are downslope of the landfill. By

comparison, the occurrence of complaints in other areas is infrequent.

k. Complaints occur as frequently on Sunday when the landfill is closed as

they do during days of operation. Odor complaints occur most frequently

after the landfill is closed and the working face is covered. This suggests

that gas migration and the subsequent surfacing of gas is the probable

source of most complaints.
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5. The raw landfill gas generated by microbiological action is extremely

odorous. Soil filtration is effective in reducing, but not eliminating

landfill gas odors. The migrating gas surfaces ranc1'mly throughout the

landfill area. The location of surfacing landfill gas changes frequently.

The concentration of odors emitted from the surface varies widely.

6. Combustion of landfill gas is very effective for the reduction of odors.

Odor concentrations were reduced 99.9% with combustion.

7. Mlcrometeorological monitoring at the BKK Landfill site verified that

extremely stable meteorological conditions can prevail. Wind is

frequently calm during nighttime hours. Sublayer temperature inversions

occur frequently. The calm condition with a sublayer temperature

inversion will allow the downslope drainage of cool air. The phenomena of

downslope drainage was verified with smoke visualization studies and with

temperature measurements. Odors were most frequently noted in low,

cold air spots.

8. The most frequently occurring mechanism of odor transport is the

downslope movement of cool air during the evening hours under calm

conditions. The cool air picks up odors migrating through the soil with the

landfill gas. The odorous air moves downwind without significant vertical

mixing. The absence of turbulent mixing results in high odor

concentrations being carried to the nearby residences.

9. A reduction in the frequency of confirmed and measurable downwind odor

conditions occurred In January relative to December. The reduction in
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downwind odor conditions was the result of reduced site odor emissions
V

and increased RH. The reduced site odor emissions were probably a result

of action taken by BKK Corporation. RH wa. significant 1/ higher in

January relative to December. This fact raises the possibility that at

least part of the reduction in downwind odor conditions was the result of

less critical atmospheric conditions. The overall effect of the reduction

in site odor emissions and increase in RH was a reduction in site odor

emissions equal to 73%.

10. The site odor emission rate as it existed in December and January

produced unacceptable odor risk. It was estimated that an equivalent

reduction in site odor emissions of about 97% from December levels would

result in an acceptable level of odor risk of less than five 5 ou/cf events

annually. The equivalent reduction could be attained through a

combination of source and large area controls.

IlL Under the prevalent calm conditions the barrier cictedos a cold air dam.

The absence of wind speeds in excess of 2 mph prevented the evaluation

of barriers is a mixing device. The observation that barriersact as cold

air dams suggests that barriers with earthen levees could be used to

channel or redirect downslope drainage of cold air.

12. The water aerosol system was sometimes effective in increasing RH under

the prevalent evaluation condition of calm air¯ with high RH. Under

conditions of lower RH the system may be more effective. The potential

of this large area emission mitigation measure should be evaluated on a

larger scale under low RH conditions.
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13. The gas recovery system evaluallon indicated that the effectiveness of

gas recovery in reducing surface odor emissions depends on the efficiency

of recovery. An initial reduction was observed 311owed by sporadic

increases. The increases may have been the result of poor recovery

efficiency. With an effective system (all gas recovered) reductions in site

odor emissions should be substantial.

li. A combination of mitigation measures including full gas recovery, and

construction of berms and barriers for effectively redirecting and

channeling cold air flow have the potential for an equivalent reduction in

site odor emissions of greater than 97%. This reduction would bring odor

risk to an acceptable magnitude.

RECOMMENDATIONS

The following recommended program con ultimately lead to a successful

resolution of odor problems in the vicinity of the BKK Landfill. Recommended

actions and follow-up studies are discussed. The recommendations are intended to

be applied sequentially with follow-up evaluation of effectiveness. The sequence of

the recommendations is intended to result in minimum disruption of normal landfill

operations. I

Continue Operational Controls

I. Continue all ongoing filling, grooming and maintenance of landfill slopes.

2. Continue to reject odorous substances that would otherwise be landfilled

at the BKK site.
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tmpIement Effective Gas Recovery As Planned

I. Immediately implement a full gas recovery system. Determine the

effectiveness of the full gas recovery system in a follow-up odor study.

This recommendation should be top priority and should be fully evaluated

and implemented prior to implementation of other measures.

Desian And Construct Earthen Levees With Barriers To Channel And Redirect Cold

Downslope Drainage Air

I. Evaluate, the effectiveness of berms and barriers for channeling and

redirecting cold downslope air flow. This evaluation would follow
w

construction of a portion of the system. Criteria for the ultimate berm

and barrier system would be developed during the evaluation.

2. Build berms to isolate the L and M Street areas from the landfill. The L

Street berm should close the west window. The M Street berm should

isolate the top and middle deck from the M Street area. The M Street

berm should be incorporated as a part of the final fill on the finished

slopes.

Desian And Construct Perloheral Water Aerosol System To Sianificantly Increase
w I

Relative Humidity Of Downslope Drainage Air

I. Evaluate the effectiveness of a large scale water aerosol system on the

downslope perIphery of the landfill to increase relative humidity of

downslope drainage air and reduce the counter radiation causing "puff

transport" conditions. Develop design criteria for complete water aerosol

system.

2. Install complete water aerosol system to significantly increase relative

humidity of all air passing from landfill to downslope residential areas.
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Evaluate And Install Micrometerological Controlled Wind Machines Along Periphery

of Landfill

I. If the above measures do not produce satisfactory results, evaluate the

effectiveness of wind machines used in conjunction with barriers and

water aerosol to increase mixing. Determine if the potential noise

problem of the wind machines can be satisfactorily mitigated through the

use of noise barriers.

2. Install micrometeorological controlled wind machines to effectively, mix

stable air under calm conditions.
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